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This book may be compared to an excursion train. Everything 
mechanical has called, or striven for a place in it, if only to cling to 
the platform of briefest mention. Yet not a tithe even of the beati- 
ties of mechanism have been admitted, for want of room. Indeed, 
one of the most arduous labors connected with the composition of 
this work has been to keep out the nearly irrepressible crowd of 
topics and examples that were pressing into it. Those that have 
been admitted have been selected with great care, after personal in- 
spection in machine shops, and from valuable circulars, correspon- 
dence, and published authorities. 

Other examples have been partially represented by woodcuts and 
brief notices, or have necessarily been excluded, and remanded back 
to the great world of mechanism. 

In either case the governing idea has been, to develope the compre- 
hensive scheme of the General Table proportionately, though briefly, 
with examples that should be American (mostly), new, and good. 

There are at least six topics in this work, about which the trouble- 
some problem has been to touch them at all, unless superficially^ 
without devoting a volume to each. These are. 7Vr6ine«, Gearing^ 
^Propellers, Valve motions / Governors^ with or without Variable Cut- 
off ; and Trains of gearing, as clock trains. 

Of turbineSy I have only taken one of each of the three essentially 
different kinds, with a simple desciiption of its construction and 
action. 

On gearing, I have been I'easonably full, giving the substance of 
what need be known in behalf of proper practice, and with simple 
explanations. 

As to propellers, their theory is so intricate, owing to the variety 
and indefiniteness of the data for calculations concerning them ; and 
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numberless expeiimental results are so full and accessible in Bourne 
aiul in similar works, tkat I have mostly interested myself in giving 
♦i^xiict instruction, nowhere else accessible so far as I know, about 
making their projections ; so as indirectly to correct grievous errors, 
and supf)ly deficiencies, which have been found in print on tKjg 
subject. 

With the ample geometrical treatment of valve motions by Mr. 
Auchincloss,* and the masterly analytical work of Prof. Zeuner, to 
sui»plement the little that I have found room for on the same topic, 
I have had a narrowly limited and definite object in view in what I 
have had to say on that subject. The treatment of valve motions in 
tlie oncyclopa'dias and the extended seiial works, like Colbum*s 
Locomotive Engineering, is generally unavailable. The works of 
Auchincloss and Zeuner, prc8U{>]>ose, expressly or impliedly, a good 
(h-al of familiarity with the subject. But m^y |)er8ons are whollv 
unfamiliar with it, and, unless apt to conceive readily of combined 
niMtions, find it a puzzling subject. My work has therefore been 
little more than to begin at the very beginning, and virtually to pre- 
jiare for the beginner an introduction to those works. More, indeed, 
could not be attempted in a volume in which so many other topics 
have been introduced. 

Goveriwrs^ a plaything of American ingi»nuity, have been sum- 
marilv, but with the most instructive vanetv attainable within small 
limits, passed over with the selection of the most marked varieties 
of governor and valve. 

Trains of gearing, thtjugh very briefly noticed, have, it is hoped, 
been so treated as to affonl some eUjar and accurate ideas on that 
subject, as a foundation for further study. 

The classified tiible of machines has btjen prepared with gi'eat care, 
and compared with that in the Kncyclopuulia Britannica by Prof. 
Kankine, which is (juite ditfenrnt, without material alteration in the 
result. I have entleavored, in the panigmphs immediately preceding 
the tjible, so to distinguish nmchines fnun instruments, as to ration- 
ally exclude engint*ering, astronomieal and musical instruments from 
the province of machines, in whieli he inrhuU^s them; contrary to 
those common usages of sp(jech, whieh 1 believe will be found upon 
analysis to be grounded on real differenci's. 

*• Graduato of tlio B. P. I.. 1802. 
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Still, the number and uses of machines are so endless, that I can- 
not profess to have found a strictly scientific, and therefore exhaustive 
classi6cation of them. 

A word now as to the intended use of this book in the class-room 
may be considered seasonable. Previous to its appearance, the sub- 
ject of it was taught orally, and with no small labor, to classes, 
which, in their turn, could progress neither so rapidly nor pleasantly 
as if provided with a text-book. The present volume is naturally 
much fuller than an oral courae could well be, and is intended as a 
text-book upon which daily interrogations aud black-board exercises 
ai"e to be held, as well as a manual, to be constantly open before the 
student for a guide in the preparation of his drawings. 

With the plates of uniform size for each student, so that they can 
be agreeably bound together, but with a choice as to that size, from 
quarter super-royal to semi-super-royal, until the best size can be ex- 
perimentally determined, it may be well, wherever practicable, to 
rcHjuire that one of them should be constructed from actual measm-e- 
ments, made by the student, and accompanied by a plate containing 
an inked copy of the sketches and measurements. 

Some of the plates should have the measurements recorded sub- 
stantially in the style of ofiice practice, and they should genei*ally be 
titled, in aildition to the general title-page of the collection. Or there 
should be a sepamte plate containing the several titles. 

The " heavy lines " are omitted, or displaced in some plates, as an 
exercise for the student in supplying or correcting them. 

Finally, the following lists will show to what helping friends I am 
indebted, and what sources of information I have diligently consulted. 
Also the signatures of student draftsmen, of the classes of '70 and '71, 
R. P. I., on many of the plates will always happily remind me how 
kindly my labors in that diiection were lightened. 

Trot: November, 1870. 
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MACHINE CONSTRUCTION AND DRAWING. 



BOOK FIRST. 

SIMPLE OR SINGLE ELEMENTS OF MACHINES. 

PART I. 
INTEODUCTION. 

GENEBAL PRINCIPLES. 

1. Bodies, in addressing the eye, exhibit not only the attri- 
bntes of color, transparency, or opacity ; polish, or roughness ; 
but the two funda/mental geometrical attributes of Form and 
Size, 

2. FoBM is a determinate arrangement of an assemblage of 
points, according to some law. It depends upon the relative 
lengths and directions of the bounding lines of a body. 

3. Size is the amount of space occupied by a body, and is 
due to the extent of its bounding lines, as compared with a unit 
of measure. 

4. Drawings may represent objects, in respect to their size^ 
as larger, or smaller than they really are ; or, in their real size. 

5. Drawings which represent the apparent forms of bodies 
as presented to the eye, are called perspective d/ravyingsj or pic- 
tures ; and are intended chiefly for ornament, or for popular 
illustration. 

6. Drawings which represent the real forms of objects, as de- 
termined by the sense of totichj in taking measurements, kre 
called projections. Since such drawings show the real propor- 
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tionfi of objects, they constitute a graphic language, by which 
the thoughts of *a designer can be most clearly conveyed to a 
workman, who can thence construct the objects represented. 
Hence projections are often called working drawings. 

7. While working drawings represent the real forma of ob- 
jects ; they represent them, in a majority of cases, in less than 
their real size. But to preserve the true proportions in the 
drawing, all the parts of the object must be similarly reduced 
in the drawings. This is what is called drawing ly scale. That 
is, each distance, as a foot, on the object, is represented by some 
less distance, as an inch, or a quarter inch, etc., on the drawing. 

Scales, 

8. The only scales necessary to be understood by students of 
the present work, are the linear scale^ and the diagonal scale of 
equal partSy which we will now explain. 
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Fig. 1 represents a plain linear scale of three feet to the tnch, 
5ach of its units as from to 1 being one-third of an tncA. 
The equal space from to 12, is divided into twelve equal parts, 
representing inches. Thus, from 4 to the fifth mark to the left 
of 0, represents four feet and five inches, and is therefore catted 
four feet and five inches. For bre^dty this is written 4':5". 

9. Other linear scales of equal parts, being similarly con- 
structed, can readily be understood from this example. The 
ivory scales used by draftsmen, contain a variety of such single 
scales, with the left hand unit divided both into tenths and 
twelfths. It also contains others, expressed in inches to the foot, 
as one inch to one foot, three-fourths of an inch to a foot, etc, 
and numbered accordingly In = inch ; f ; f ; i ; etc. 
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10. Fig. 2 represents a simple diagonal scale of units, Sths ; 
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nd 4tha of the StliB, Tlie space — 5', ■n-hich is equal to — 1, 
Btc, is then divided into five equal parts ; aiid so is a-c. The 
pve equidistant horizontal lines afford four equal spaces. We 
beu rvasuii thus : If in coming down four spaces on Oh, to I, 
3 depart from the vertical Oa by the space aA, which is oue- 
'i of the unit 01, in coming down one space, we should de- 
t one-fourth of ah, which equals one-twentieth o£ 01. We 
B have the rule for reading tlie scale ; proceed to the left of 
B many spaces as there are Sths required, and then down on 
e dii^nal thus reached as many epaces as there are 4ths of 
i required. Thus the distance between the stare is 3 iiiiit», 
^fifths and 3-fourthfi of a fifth, or 

3 + j + I of i = 3H = 3tV. 
All other diagonal scales, including tlie more familiar deci- 
Bial diagonal scale, are made and used in a similar way ; so that 
Lif any one of tliern be rationally and fully compreheuded, all 
I others may easily be imdcrstood. 

If, ea is sometimes done, the diagonak were drawn in the di- 
ction ad, the numbers 0, 1, 3, etc., would be on the lower 
le ae. 

11. In regard to the manual operations of macliine drawing, 
le proper standard of (irecision shonld be cjirefully observed. 
,t IB, the student should always imagine himself in a drafting 
working aa if his compensation, or position, depended 
a{ion the accuracy of his work. And the latter should 1>e the 
Fame as if his plates were to form working drawings for the 
;tual construction of finished machinery. To this end, all 
should be accuratdy located, and Jin£^y marked y and 
lines should be jwidy dravm with none but the hardest peii- 
I. and exuefly through ihe proper jwinta. 
In iiTnch of machine drawing, the distances to be laid off are 
iimerous, and quite small, hence tlie fine spacing dividers, pens, 
peiiciU, are of especial use, aa well as the most accurate 



, 7^e inetrumenta called seah^, are simply pieces of metal, 
•, wood, or paper containing a variety of linear and other 

I leading forms of scales are edye acales and surface 

At\ t'/f/e scale is a scale whose graduations are on 

' •■ -lubBtance containing it. This form of scale is 
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most convenient, because a distance can be tranfifeired from it 
to the paper, directly^ by laying the scale on the paper and 
pricking oflF, with a needle-point, the extremities of the given 
distance. The he^t form of edge scah is the triangular 9oaIey 
which contains nix linear edge scales. The other form, or fiat- 
edge scale, having its edges chamfered on one side to ensiire 
greater accuracy in its use, can conveniently carry but two 
edge scales, except as two or moi-e, each of which is just double 
the other, may lie against the same edge. 

13. Surface scales are flat pieces of some hard material, 
usually ivory, containing a set of various linear scales, side 
by fiide, and, all together, covering the surface of the instroment 
These give more scales on a single instrument than edge 
scales; but to transfer a distance from them to paper, we 
must proceed indirectly by taking up this distance in a pair 
of dividers, and then laying it down on the paper. 



Elements of Projectioiis, 

14. The follo^ving brief rehearsal of the elements of pro- 
jections may assist many, or all who make use of this voloxne. 

A solid has three dimensions, at right angles to each other. 

Tlieiefore if a horizontal 
plane, as EQ, Fig. 3, be 
placed parallel to two of 
the dimensions, as AB and 
BC, of a solid, and if the 
latter be then viewed in a 
direction, Aa, perpendicu- 
lar to the plane BQ, those 
dimensions can be seen, cor- 
rectly repi'esented,in length 
and direction^ upon that 
plane, as at ah and he. 
The figure ahcd is thus 
^^' *• ecjual to the visible top of 

the given body, and is called its horiwnta! jrrojection ; or, in 

the language of practice, its jilan, 

15. In like manner, if a vertical plane, ES, be taken 
parallel to tlic diineiij^ious, AB and A(f, and if it be viewed 
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perpendicularly, as in the direction Dd^ these dimensionB can 
be correctly shown on that plane. The figure d'c^e[f, equal tc 
DCEF, is called the vertical projection^ or the elevation of the 
given body. 

Thus we see tliat the two projections of a body, taken 
together, show its three dimensions, when the latter are parallel 
to the planes EQ and ES, which are called the planes of 
projection. 

16. Observe now that d'g^ the height of the vertical pro- 
jection of D above the ground line, is equal to Drf, the height of 
D, itself, above the horizontal plane. In like manner, c/i, the 
distance of the horizontal projection of C from the ground 
line, is equal to the perpendicular distance of C, itself, from the 
vertical plane. 

That is: The perpendicular distance of a point in space 
from either plane of projection^ is equal to the distance from 
the ground line to its projection on the other plane. 

17. Analyzing the figure a little, we see that when a line, as 
AB, is parallel to a plane of projection, its projection al, or 
c'd\ upon such plane, is e^ual and parallel to itself. Also if a 
line, as DF, perpendicular to the horizontal plane, or DA, 
perpendicular to the vertical plane, is perpendicular to a plane, 
its projection on tJiat plane, as d or d' respectively, is a point ; 
and on the other plane, as at df and da, respectively, is 
perpendicular to the ground line, and parallel to the line 
in space. With this suggestion, tlie reader can make out the 
projections of lines in other positions, as the diagonals, AC, DE, 
AF and AE, not shown. 

18. Summary of definitions. 

A plane of projection is one on which an object is 
represented. 

A projecting line is a line from any point of an object, 
perpendicular to a plane of projection; and it represents the 
direction in which the object is looked at. 

The projection of any pointy is the intersection of the 
projecting line of that point with a plane of projection. 

The projection of any object is the figure formed by joining 
the projections of the bounding points of that object. 

The intersection, K^, of the two planes, is called the ground 
line. So simple an apparatus as a f«jlding slate or sheet of stifE 
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paper, with the leaves placed horizontally and vertically, and a 
few straws, will serve to illustrate the principles here stated. 

19. The planes of projection, which are at right anglcB to 
each other in space, coincide upon paper. This is accomplifihed 
by supposing the vertical plane, RS, Fig. 3, to revolve backward 

about the ground line, until it co- 
incides with the horizontal plane 
produced backwards. 

Supposing now the planes to 
be of indefinite extent, Fig. 3 
would be thus transformed into 
Fig. 4, which shows the pro- 
jections ahod and d'c'e^f'j as 
they really are, instead of pictori- 
ally, as in Fig. 3. GL, the gronnd 
line, represents Rn in Fig. 8. 

The two projections^ as d and 
d\ of the same pointy are thus 
in the same perjpendidUar to 
the grownd Une. This should be carefully remembered. 

20. A point is namried ly naming its projections. Thus 
the- point dd\ Fig. 4, means the point itself, D, Fig. 3, whose 

projections are d and d\ The 
like is true of lines. Thus the 
line do — d'c\ Fig. 4, means the 
line DC, Fig. 3, whose projec- 
tions are do and d'c'. 

21. Resuming, now, the con- 
clusion of (15) if the dimensions 
of a body are not parallel to the 
planes of pi'ojection, they may be 
made so either by turning the 
body J or by taking a new plane 
of projection. In turning a body, 
it is sufficient to study the motion 
of one of its points. 

This understood, the follow- 
ing principles pe»^n to iho revo- 
lutions of points 
a — ^If a point as mm'. Fig. 5, revolve about a vertical azi0| 
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as A — AH' (see DF, Fig. 3), it will describe a haiizontal a/rCy 
as nrnh" — m'w!"^ whose horizontal projection, m/m!\ will be 
an egttal arCj with centre at A, and whose vertical projection, 
rn'm'^y will be a straight line paraUd to the ground line. 

h — Similarly, if a point mm\ Fig. 6, revolve about an axis, 
AB — ^A', which ]b perpendicular to the vertical pla/ne (See DA, 
Fig. 3), it will describe an arc paraUd to the vertical plane; 
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whose vertical projection, m'o^m''\ will be an egtuil aro^ with 
centre at A', and its horizontal projection, mom!\ a straight Une^ 
pa/raUd to the ground line. xjgj 

— ^If a point mm', Fig. j 

7, which is vertically over a j 

horizontal axis, A B, revolves I 

90°, it will appear, as at m", i 

on a perpendicular, mm'', to 

AB, and equal to its height <c is. 

m'n above the axis. (16.) 
For the arc of its revolution 
is in a vertical plane, perpen- 
dicular to AB, and its hori- 
jsontal projection is therefore 
straight, and perpendicular 
toAB. 

Here the axis is in the 
horizontal plane. If it had 
been merely paraUd to that 
plane, m'n would have been estimated from its vertical projec- 
tiixi, which would have been parallel to the ground line. 
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Like results would be true for a revolution about an axis in, oi 
parallel to the vertical plane. The student should constmct 
figures to represent these cases. 

d — ^If a point m/m! not vertically over an axis, AB, in* the 
horizontal plane, be revolved about that axis, into that plane, 
Fig. 8, it will appear at a perpendicular distance, hm!\ from 
that axis, equal to its true perpendicular distance, in space, from 
AB. This distance, as may be made evident by the simplest 
model, will be the hypothenuse of a right-angled triangle, whose 

base equals m£, and whose 
f^ altitude equals m'n, which 

last is the true height of the 
point itself above its hori- 
zontal projection, m (16.) 
6 — Similarly, in Fig. 9, 
" tlie axis, CD — CD', is pa- 
raUel to the vertical plane, 
at a perpendicular distance 
from it, equal to A£, and the 
point ?7im' is revolved about 
it, into a vertical plane con- 
taining CD— CD'. Af- 
ter such revolution, mmf will appear at m"rnl'\ where m!"n'y 
perpendicular to CD', is equal to the hypothenuse of a right- 
angled triangle, whose base is m'n', and altitude, mh^ the per- 
^ " pendicular distance of the 

horizontal projection of 
the point from that of the 
axis, or from the vertical 
plane through the axis. 



22. These, being exam- 
ples of the main principles 
and operations relating to 
the revolution of points^ 
the following relates to the 
selection of new planes of 
projection. 

a — When it is desired to 
represent an object on a 
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plane which is oblique to its dimensions, it is obviously necessary 
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to b^in with a projection made on a plane which is parallel 

to two of its dimensions. Thus, in Fig. 10, the plane ML is 

vertical, and parallel to two dimensions of the rectangular 

block, ad-^"d!'. 

h — The principle is also to be observed, in these operations, that 

any number of difiFerent elevations of the same point are at 

equal heights above the common horizontal plane. Thus a'h is 

made equal to a'^c^ and on a perpendicular to the ground line 

through a (19), in order to find a', the projection of a^ on that 

vertical plane whose ground line is GL. 

— ^To avoid the use of vertical planes which are oblique to 

each other, as they are in Fig. 10, conceive the body, as a<:? — a"d'\ 

to be turned horizontally about any vertical axis, till it is 

brought parallel to the one vertical plane used, and begin vrith 

itB projections in that position. Thus, in Fig. 11, after making 
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first the elevation, a'Vd^ and second the plan, abc ; third, make 
the new plan, ABC, of the sameybrm as ahc^ but turned to re- 
present the desired position of the body relative to the vertical 
plane of projection. As the position of the body, relative to 
the horizontal plane, has not changed, all its points will be at 
the same height as before. Therefore any point, as A', of the 
desired elevation, is at the intersection of the projecting lino 
AA', perpendicular to the ground line, GL, witli the line a'A', 
whidi is parallel to the ground line. 
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Oonstnictions of the JEUipse. 

23. It not imfrequently happens, that some of the wheels or 
circular parts of a machine are situated in planes which tare 
oblique to each other. 

All such parts, when oblique to the plane of projection, will 
be projected in ellipses. For the further preliminary informa- 
tion of self -instructors, especially, some convenient constructions 
of the ellipse are therefore added. 

24. An ellipsej Fig. 12, is a plane curve, such that the sum 
f of the distances, as 

c • PF+PF', from any 

point of the circum- 
ference, to the fixed 
points F, F',within the 
curve, is always equal 
to AB; the longest 
Kne within the curve, 
and which is called 
the transverse axis. 
F and F' are called 
Jboi. 
FMuii The middle point, 

E, of the transverse 
axis, is the centre of the curve, and bisects every line drawn 
through it and limited by the curve. Every such line is a 
diameter of the curve. The shortest diameter, CD, is pei-pen- 
dicular to AB, and is called the conjugate axis. 

25. The above definition affords a familiar mechanical con- 
struction of the ellipse by string and pencil, the string being 
equal in length to AB, and fastened at F and F'. Also a con- 
struction by points, with dividers, by drawing pairs of arcs 
from F and F' as centres, and whose radii, taken together, shall 
equal AB, the lesser one being always greater than AF. Such 
arcs vrill intersect, so as to give four points of the ellipse, for 
each pair of lines taken as radii. This construction is not 
figured, cither of the two following being better for the drafts- 
man's use. 

26. I'o constract an ellipse hy radials from the extremiHea 
of the axes. 
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Let AO and CO, Fig.l3, be the given semi-axes of an ellipse. 
Make AE = 00, and parallel to it. Divide AO and AE 
into the same number of 
equal parts, and number 
them as in the figure. 
Then lines from C and D, 
and through correspond- 
ing points of division, 
will intersect at points, 
as a, hj and (? of a true 
ellipse. The other three 
quarters of the ellipse 
can be similarly (con- 
structed. 

It would have been 
equally correct to have 

equally divided CE and GO, and to have drawn the radial 
lines through the points of division and from the opposite ends 
of the transverse axis. 




Fio. 18. 




Fio. 14. 



If AT! were made equal to AO, the same construction would 
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have given the circle of which the ellipse AC is really the ob- 
lique projection. 

27. To construct cm eU/ipsej Jry concentric circles on i^ two 
axes. 

Let AB and CD, Fig. 14, be the given axes. Describe circles 
on them as diameters, as shown. Divide the circumferences of 
these circles into any convenient number of equal parts, and 
number them similarly, as shown. Then, parallels to AB, 
through the points on lie inner circle, will intersect perpendi- 
culars to AB, through the corresponding points of the outer 
circle, at points, as a and i, of a true ellipse, whose axes are AB 
and CD. 

Special Defurdtiona, 

28. A Machine is an assemblage of pieces, attached to a com- 
mon support, and acting upon each other to produce a certain re- 
sult ; and so that a given position of one will determine that 
of all the rest, 

29. It is here convenient to distinguish the terms: " Engine," 
" Machine," " Tool," and " Instrument." 

An engine, and a machine, are not essentially, or necessarily, 
different things ; but different names for things essentially alike, 
and expressive of different ways in which the latter may be re- 
garded. 

Thus, from the etymology of tlie terms, engine — an 
invention — ^is a product of intelligence; and machine 
— a means — is something adapted, as a cause, to a certain 
end. Hence, therefore, when a given combination of working 
parts is generally thought of, more as a product of intelligence 
than otherwise, it is called an engine, as a steam engine, or a di- 
viding engine. But when the same is thought of chiefly in re- 
gard to the end for which it is made, it is called a machiney as 
a spinning machine. Thus any piece of mechanism rnay be 
called indifferently an engine or a machine, and many are thus 
indifferently termed, as locomotives and steam fire engines. 

30. Instrmnents are distinguished from machines in being 
more intimately and continuously controlled by life in all their 
movements. Thus an organ acts only when, and just as, it is 
played on ; and the like is true of engineering instruments, and 
to a great extent, of mounted telescopes, since so many of their 
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parts are separately adjustable by the operator. A distinguishing 
feature of instruments^ then, is that their parts are separately 
movable. 

31. Again : tools are mainly the servants of manual skill, or 
training in processes ; instruments are servants of a higher or- 
der of intelligence, such as results from a training in principles. 
Thus we say " the tools of a trade^^ and " the instruynenis of 
^profession / " a carpenter's tools^ but an engineer's or a sur- 
geon's instruments. 

In reference to their material uses, tools are used in making 
the machines by which in turn consumable products, used in 
common life, are fabricated. Thus machine shop machines, are 
often called " machine tools^^ or " macJdnisfs tools^^ while 
those used by hand are called hand tools or leneh tools. In 
these the train of pieces forming a machine, is wanting; while 
in machine tools, it is the final piece acting immediately on the 
work, and driven by a machine, rather than directly by hand, 
that is strictly called the tool. 



Classification of Machines, 

m 

82. The world of machinery is too vast and varied to yield 
readily to attempts to classify its members. Moreover, the com- 
ponents of mechanism need to be diflfei-ently classified for mathe- 
matical and for descriptive treatment. 

The following articles present an outline of classification 
enited to the subject of Descriptive Mechanism. 

33. The immediate source of the power which moves any one 
or more machines, is some form of pi'ime mover in which some 
force of Nature, as muscular power ; the weight or impact of 
water; the elasticity of springs, or of expansive vapor; or 
electrical attraction, is made available for producing motion. 

The first grand division of machines, is, therefore, into J/b- 
tars^ or Motvve Machi/neSy in which a force of Nature is made an 
available power; and Workers or Operative Machines^ which 
peiform some special duty, as with or upon raw material, by 
ybtae of their design. 

M. Again : some machines give only numerical or abstract 
or intangible residts ; signs or data, rather than substantial pro- 
dndB ; while others do prodnce such products. 
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Hence Operative Machines may be grouped into the two 
divisionfi of liegistrative^ and Productwe Machines. 

Here it is important to explain that a productive machine 
does not necessarily produce a finished result, but if, in connec- 
tion with others, as in case of the cotton gin, or a dredging ma- 
chine, it contributes towards such a result, it is entitled to its 
name. 

35. Eeqistbativb Machines may be enumerated as follows : 
1°. — Counting Machines ,* such as those sometimes attached 

to steam engines,* or turbines, to indicate their revolutions ; or 
to Burden's horseshoe machine, or Hoe's power presses, to re- 
gister their production. 

2°. — MeasvHng Machines ; of time, space, motion, mag- 
nitude, and force, as timekeepers; "Atwood's machine" 
for determining the laws of falling bodies ; water and gas me- 
ters ; dynamometers and pressure gauges ; weighing machines, 
etc. 

3°. — Copyvng and Drawing Machines / such as pantographs, 
elliptographs, Olivier's instruments for drawing certain curves,t 
and ruling machines. 

4°. Calculating Machines, 

5°. — Recording Machines ; as telegraphic machines and steam 
engine indicators. 

36. Pkoducttve MAomNES. These modify matter only in 
respect to its position^ its form^ and its dimensions ; that is, 
geometricaUy axid physically / and not in its atomic constitution, 
or chemically. We have then — 

I. — ^Machines for changing the POsmoN of matter. 

1°. — By simple remoind by stationary m/ichines, as by cap- 
stans, windlasses, cranes, hoisting machines, derricks, and suc- 
tion pumps of all kinds. 

2°. — ^By conveya/nce^ whatever the direction or distance, as in 
" rolling stock " generally ; and the moving niechanism of " at- 
mospheric despatch " apparatus, common road engines, etc. 

3°. — By projection, as in ancient, or mechanical, and modem, 
or explosive artillery ; also in all kinds of forcing pumps, the 
hydraulic ram, etc. 

♦ "Engineering," voL iv., p. 871. 

f Oliyier^s Des. Geom. and AppUoatdonA. 
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i". — E^ tgxiration, as in reaping, plongliing, digging, dredg- 
r Ing, and Btumping machines ; in frnit paring, fulling, washing, 
I 'And churning machines ; in macihineB for expressing or dispers- 
1 -ing fluids from fruits or mixtures, and in ginning, threshing, 
|-Aiid emut machines. 

—By diHrihutiony \st, of detenninnte bodies, as in pin- 
Bticiing, wire-card making, type-setting, pile-driving, and seed- 
planting machineB, 

2*/, of matter indefinitely, ae in elevators and blowing en- 

3rf, of ^ma or material impressiov^, as in printing machines 
f all kinds, upon all sorts of materials, 

6°. — By uniting, Ist, hy interlacing— Jirst, oiJU>rea, as in felt- 
bg, paper-making, carding, roving, and spinning machines; 
veond, of threads, as in weaving and knitting machines, 

2rf, By union of jiarti'des, as in mixing machines. 

Zd. By union of pieces, as in sewing, pegging, and rivetting 
machines. 

IL — Machines for changing or perfecting the form of matter : 

\st. — By d/^nite division, i. e., into definite parte, as in saw- 
ing, cnttiug, shearing, and punching machines, 

Srf. — By surfa^ abstraction of portions of indefinite form, as 
in planing, turning, shaping, milling, boring, polishing, mor- 
tising, drilling, slotting, paring, carving, and screw-cutting 
machines, 

M— By moiMing presswre. and often, or always, without loss 
of material ; as in rolling, forging, squeezing, wire-drawing, 
coining, brick-mating, moulding, bending, folding, and swaging; 
macliines. 

ni. — Machines for changing the dqiessions of matter : 
\st. — By coTidensafion, as in road-rolling machines and pressee 
for compressing matter. 

Of/. — By indefinite division, as in chopping, tearing, grind- 
ing, cnishing, and stamping machines. 



Functional Classification of Mechanical Organs. 

37. The foregoing recounoissance, so to speak, of tlie field of 
mechanism may give an idea of its extent, and may direct the 
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Btudent's reading and practice. But, for present purposes, it is 
to be observed, that the vast range of mechanism here opened 
to view is composed mostly of endlessly varied combinations 
and proportions of a few mechanical elements or organs. 

The drawing of the separate elements or organs of mechan- 
ism will be the chief subject of the following pages, in connec- 
tion with so much description of their successive forms in pro- 
gressive practice, and of their action and use, as will lend 
additional interest and value to the drawing of them. 

Some instructions upon the drawing of connected trains of 
mechanism will be given afterwards. 

38. Mechanical organs may be conveniently classified as fol- 
lows, according to their functions, into — 

SujyporterSy RegulatorSy 

Receivers^ Modulators^ 

CommwriicatorSy Operators. 

39. Supporters, as their name implies, are the frames or 
other fixed supporting parts of machines, whether general sup- 
ports of the whole machine or local ones of particular parts. 

Receivers are those parts to which the motive power is first 
applied in any machine, as in the piston of a steam engine or 
the endless platform of a horse-power machine. 

Communicators are the pieces which communicate the motion 
of the receiver to that of the parts which act on the material 
presented to the machine. 

Regulators are those organs which determine the efPort 
exerted, the equalizing of its expenditure, or the supply or dis- 
charge of engines, etc. 

Modulators are organs for the purpose of changing tie 
relations of motion, as by reversing, disengaging, intermitting, 
etc., or by changing the ratio of the velocities of connected 
pieces. 

Operators are the organs which act directly on the raw 
material, or to immediately accomplish the object of the ma- 
chine. 

The following table presents a more detailed view of these 
organs. 
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^Low water detectora. 
Giffard's injector. 
QfmppLy. - Cooks. 

[ Slide. — Greene. 

wValvea \ Puppet.— Putnam. 

( Rotary. — Corliaa. 



opening. 
/ BalL ) I ( Judson. 



f Of Bt'm pipe ( Huntoon. 
•J Snow. 



( Governors, j Fan. M Putnam. 

LQf4f^. ] (Oil ) jOfst'mv'lveU^^^^ 

(Flywheels. L openmg \^^^^^ 

(Retersing actions. Band shifters, eta 
I Intermitting actioris. Escapements, eta 

Y. Modulators 4 IXsengaging cLcUona. Couplings, etc. 

I ^eed changers. Cone pulleys, eta 
(, Tod-holders^ and slide rests. 



f Saws. 
! Drills. 

VL Operators \ Cutters. 

Paddle wheels. 
Screw propellers. 
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40. It should here be noted that many of these elements, 
especially among modulators and regrdatorSy are compound 
organs^ or suh-machineSy consisting of a train of parts, as in 
Keversing actions, Slide rests, Escapements, and Governors. 

"We therefore define a sub-machine to be a series of con- 
nected pieces, designed to perf onn a part subservient to tlie main 
object of the machine to which it is attached. 

Geometrical ClassliiiXitum, 

41. Though the foregoing may seem an elegant classification 
of the elements of mechanism, yet it is partly obscure ; for a 
given element does not, inherently and always, belong only to 
one and the same class. Thus 2l piston as a receiver in a steam 
engine is not conspicuously, if always at all, different from a 
piston as an operator in a pump. Also, a spur wheels which is 
QBually a communicator^ becomes an opet^ator and regulatory 
combined, in the geared fly wheel of an engine. 
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Still the foregoing classification is generally useful. 

42. The following, which is new and entirely different, is 
combined with the former in the "general table." It con- 
sists in arranging mechanical elements according to the geo- 
metrical magnitudes which express their essential or ideal 
character, and to which they may therefore be reduced. 

For example, a sKtift revolving in twopUlaio hlocJca^ is essen* 
tially a line supported at two fixed po-ints. Hence a pillow 
block is classified as a inechariical poiM. Likewise, material 
governor haUs reduce, in thought, to heavy j>omU at which their 
whole action is concentrated. 

Other elements, which act by virtue of their surfaces, or are 
equivalent to certain mutually acting surfaces, are classified 
according to their surfaces. Thus, »jpur wheels are equivalent 
to rolling cylinders^ etc. By follo\ving out this idea, the classi- 
fication expressed in the horizontal colunms of the general 
table, with the headings at the left, will be intelligible. 

43. We now proceed to develope the foregoing double scheme 
in a series of illustrations of the several classes of mechanical 
organs there named. 

These illustrations embrace, prhnaHly^ practical examples, 
drawn to scale, in a scries of plates of a size convenient for 
adoption in actual class practice ; and, secondarily^ brief 
notices and simpler illustrations, of various other forms of each 
of the organs selected as examples. 

The course, thus comi)Osed, is based upon the idea of at least 
one good representative plate, of each of the six classes of 
organs, as a minimum for the student's practice under instmo- 
tion. But, to ensure agreeable variety, as well as material to 
supply the wants of more mpid workei's, several examples, 
drawn to scale, are given in each class of organs, so that all 
the members of a class need not necessarily draw the same 
objects. 



Reduction of Scales. 

44. Where the admiral>le French colored mechanical litho- 
graphs, or suitable actual ol)jects, are at hand, students, so far 
as qualified, may pn)fitably make drawings from them. Bnt 
in drawing from the French plates, those should principally te 
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c'boeeD wliicli give a scale and measurements, and tlie copj 
oboiild be drawn from tbc mcasuremente to a new eunle. 

Tbe scales yiveii on the originals, being in French measures, 
tlic following examples will illustrate their transfMrmatiou into 
snitable English measures. 

Mrst, scales are expressed by one or more units of loieer 
denomination to one of the same or of a higher, as a scale of 
two add a half inclies to one ineh or to a foot. Suppose, then, 
ibnt wc have a French drawing ^if some small machine, on a 
scale of 24 decimetres to 1 metre. 

1 metre=39.4 inches, very nearly, and as 100 deciinebi-eB=l 
metre, 

1 decimetre =.394 inches, verj- nearly, and 

24 decimetres =9.456 inches, or a scale of i, very nearly. 
Suppose, then, tliat we wish a scale of about J. We see that 
(me decimetre=| of an inch, verj' nearly, then lake \ uf an inch 
for a decimetre, and 24 decimetre8=8 inches ; that is, 8 inches 
to 1 nietre=a bcaIc of \ very nearly. 

Second, scales are expressed in temis of one or more units of 
higher denomination to one of tbe same or a lower, as a scale of 
four inches to an inch=R scale of J ; or of five feet to one inch 
=^. Suppose, then, a French drawing, on a scale of 3 metres 
til 1 centimetre, ia to be copied. 1 centimetre =3.94 inches, 
nearly ; and one-third of this on the soalo=1.31 inches, nearly, 
will be a metre of a scale, giving a Sf'ale of abont ■^, since a 
metre=39.4 inches, which would he adapted to a very large 
machine, with the smallor parts omittod. To enlarge tbe scale 
to abont j",, construct a new scale in which 2 inches sliall be 
calle<l a metre ; then, S inches to 89.4 inches is a scale of jig 
very nearly, 

45. We \rill now pniceed directly with tbe explanation of 

the plates, which are of aliont tlie size I'ecommended for stn- 

I dent practice, v\z.', 8^x12} inches, that is, such as may l)e made 

I hy dividing a sheet of snper-myal di-awiug paper, etretehed upon 

r thelioard, into four equal plates. 

If otlirr sizes be preferred, we would recommend iinjm^Uil 
1. paper lu four plates of 9^x134 inches, or meAmm paper in 
I two plates of 10 X 15 inches ; but that all the plates of each one's 
Ktet should he of uniform size. 
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PART IL 

THEOREMS, PROBLEMS, AND EXAMPLES ON ELEMENTS 

OF MACHINES. 

CLASS L-SUPPORTERS. 

SECTION I.— LOCAL SUPPORTERS. 

46. Local supporters are very various, and diflScult to classify. 
The following partial catalogue may therefore serve to suggest 
other kinds and forms of special supports. 

Zo<ytl beds / as those of especially large and hea^y parts. 

JirarJceU and arms^ piUow-hJocks^ axJe^oxes^ bracket and 
suspended hangers ; supportei-s of horizontal revolving shafts. 

KooMepa and bolsters / supporters of vertical revolving shafts. 

Sitnple tool-rests or holders / supporters of operating tools. 

Simple chucks and faceplates to support revolving material, 
iw* in common and wheel-tuniing lathes. 

Travelling'tahles*; as in planing, milling, drilling, and shaping 
niac^iines. 

Guules and stuffing-boites / as in steam engines. 

Cylinders^ ba/rrelsy chambers^ chests^ etc., for water, steanii air, 
otc. 

A — Point Supporters. 

EXAMPLK I. 

A Ilea/oy Pillow-block. 

Ihfinitwns arui description. — The general tBrmj ^^ bearing " 
In fi|i|ilif?d t() the supporting surface on which any piece, as a 
rtivolviii/ij Hhaft, rests ; whatever maybe its position. The piece 
wlilrli HiipiK>rtH a horizontal revolving shaft is called a piUouh 
Mor/t\ or i>hirril)Cr-block, when itself is supported from below, 
l^uil o\fi*u at both ends or sides, as in PI. L, Figs. 1 and 2. 
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I tho pillow-blocfc, PI, I,, Fig. 1, there ie the hodij, B, and 
> cover, C. The part, S, of the body is the sole, through 
tiieh, as at ac, holding-down-iolts pass, to confine the block. 
' are hrass'S, whiise inner surfaces are cj-lindrical, and form 
the bearings for a shaft, Thev are flanged so as to prevent 
lateral displacement, and are tlierefore, as at b, dropped into 
slaco before putting ou the cover C. Tliat part of Uie shaft 
Tiich is within the pillow-block is the Journal. « is one of four 
sorewa on each side of the b<jdy, to set up the side brasse*, e, 
jainst the shaft. Each has a check-nut, n. At A are the nute 
E the cover-bolts, whose heads, not shown, are in recesses in the 
pder side of the sole, as at g, PI. II., Fig. 1. The bolt-holea, 
\ are longer one way than the other, and are hence said to be 
totted. They are thus made to allow the position of the block 
\ be adjnsted bet^reen the lugs, ns dd', Fig. 5, so as to bring 
Be two or more pillow-bloeks on the same shaft into line ; or, 
in case of a eteain engine, to adjust the distance from the centre 
of the shaft to the centre of the cylinder. 
_ The pillow-block shown in the figure, being for a 14" hori- 
l shaft, the bearings, i, are continnous only in the lower 
f of the block. The bolts, as A, are relieved f i-oiu tlie lateral 
Bsure of the shaft upon the cover by forming the latter, as 
loWD, to be embraced lietween the walls, B, B, of the body. 
- This pillow-block was designed for a vertieal engine, used in 
rinng the rolls of a steel-rolUng mill. At the beginning there- 
e of the <fow/i-stroke of the piston, the cylinder' being over- 
id, the thrust of the connecting-rod and crank, and the weight 
' e 14-inch shaft, come npon the bottom of the bearing at D. 
1 the np-stroke begins, the weight of these three pieces 
6 the upward thrust, and bars, as b', affoi-d sufficient bear- 
a the npper side of the sliaft. The wear being mostly at 
B points, provision for sufficient adjustment is made by the 
B between the cover and the body of tlie box. 
I Construction. — From the above description, with Uie given 
( and measurements, the drawing can be made. Observe 
t each elevation has a centre line, and that the plan, which 
e Btudent should make, with, or instead of one of the cleva- 
3B, would liave two centre-lines. A section should also be 

B scale might well be increased to an inch and a lujlf to 
ie/oot. 
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Example II. 
A Putnam PiUayMock. 

DeBcription. — This beautiful pillow-block, PI. I., Fig. 2, is 
not shown in finished drawings, like the previous figures, but 
only in sketches, with measurements, from which the student 
can make finished drawings. 

This design is from the Putnam Machine Co., at Fitchbuig, 
Mass., and is adapted to a horizontal engine of about 24rhor8e 
power. 

In a horizontal engine, where the piston is at either end of 
its stroke, the connecting-rod from the piston-rod to the crank, 
and the crank, a short, stout arm attached to the shaft by which 
the latter is revolved, are both horizontal 
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Hence when the connecting-rod is at its extreme back posi- 
tion, pc^ Fig. 15, and about to turn forward, it acts to puU the 
crank CS against the shaft S, and the latter against the front 
of its bearing in the pillow-block. Likewise, when the connect- 
ing-rod is at its extreme front position, p'c\ and about to move 
backward, it acts for a moment to push the crank C'S, and 
thence the shaft S, backward against the pillow-block bearing. 

Thus the pillow-block of a horizontal engine is mostly worn 
at the points A and B, PI. I., Fig. 2. Separate adjustable 
brasses are therefore provided at those points, in the design here 
shown. A recess, ahcd^ contains the brass ad^ and wedge hc^ 
each ten inches long, see also Fig. 3, whose tapering faces lie 
together as at <?/! Hooked bolts, as C, enter the holes gg^ in 
the wedge. By turning on the nuts, A, of these bolts — of which 
there are four in all — the bolts and wedges are drawn up and 
the brasses crowded in against the shaft. Shallow recesses, as 
FG — F'G', in other parts of the bearing, are filled with an anti- 
friction alloy called Babbitt metal, and the wear on these parts 
being very small, the cover, H, is closely fitted to the body, I, 
of the box. The collar LL — LX' affords a long bearing for the 
shaft. 
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The sole, holding-dowti-bolte, and cover-bolts will be recog- 
r nized ou comparison wltb Fig, 1. 

Fig, 4; shows a aketeli of the manner of faBleniiig the block 
I lo the top flange, AA, of the bed-jilate, or general eiipport of 
rthe engine, by means of a key, it^', through the holding-down 
rbolt M. and under the flange AA. In Fig. 2, MKN ehowB 
the plan of the wider part o£ this flange, on whioh tlie pillow- 
block rests. 

Construction. — Since this pillow-block bos two vertical planes 
of symmetry through ite centre, O, it is suflicient to show the 
exterior of one half of it. In the elevation, therefore, all to the 
right of the line O'O", ia a section on the plane OK; and in 
the plan, the right-hand half shows the cover removed. The 
1 arcs, as nk and om, are drawn from () as a centre. The points 
J Tr', m', and it' are fully lettered, as the large and small curved 
outlines of the block in their neighborhood sometimes perplex 
learners. 

The parts on which shade hnes are scattered in tlie elevation, 
are sections of the solid portions of the block, which is hollow. 
In the fijiiahed drawing, these portions should, of course, be filled 
witli fine shade lines, omitting the bolt holew, as K', and the 
bolt C. The figure — 2— is a sketch fi-om a model, ha\ing qnite 
different measurements ifoni those given. It will therefore be 
eufiicient for tlie student to give the same \iewB as in Figs. 
2, 3, and 4, though an end view, partly shown in the right hand 
one of Fig. 4, might usefully be completed from the given 
measurement, 

47. The hemy lines — or lines of shade — are shown on the 
principal figures of this plate. Taken in connection with 
the Jhct that light is usually bo taken in practical examples, 
that x\& priijectiona make angles of 45 degrees witli the ground 
, and the prinriple that they divide surfaces in the light 
1 those in the dark, they will assist the student in adding 
B lines of shade to other figures where they are not shown. 



Example HI. 
A French PiUmo-Blotuk. 
-This example, PI, II., Fig. 1, 
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account of its beauty of design, rather than for its mechanica] 
merits. The spherical ends of the nuts, their raised seats, ^ 
and a; the tapered collar, FF', the three-centred tops of 
the cover, two of whose centres are O andj?, and the slight 
slope of the surfaces which meet at he — Vc\ all give a fineness 
of figure which pleases the eye. But, designed for a horizontal 
engine, as it is, there being but two bolts to the covers, there is 
no provision for the extra wear of the brasses G, at the lateral 
points as I ; and as the cover does not slide within the body of 
the block as in Ex. L, it is less capable of resisting the hori- 
zontal thrust upon it 

Construction, — This block, having two axes of symmetry, 
only one-fourth of the plan is shown. The scale should be 
increased to one-half^ or three-fourths^ for the best effect, 
and h^aJf of the plan should be sho\vn. Tlie measurements are 
left to be found by the given scale, or assumed. 

The end elevation, which is very neat, can easily be made 
from the projections here shown ; and the whole, owing to its 
numerous curved and oblique surfaces, would be a particularly 
good example to shade with graded tints. 

Another pillow-block, which may, if desired, be taken as a 
separate example, is shown at MP — MP, Figs. 1 and 2, 
PI. YIL 

Example IV. 
A Locomotive Main Axle Box. 

Description. — PI. II., Fig. 2. In the pillow-block, the shaft 
rests in the block. In a locomotive, the shaft or axle is 
8upjx>rted by tlie wheels, which, in turn, rest upon the rails of 
tlie track. The weiglit of the engine then bears upon the tops 
of tlie axle boxes, which, again, bear down upon the uppermost 
l>art of tlio axles. Hence the main provisions for wear and 
8upjK>rt are made in the upper part of tlie box, which, indeed, is 
waentiftlly a pillow block inverted, and modified to suit the 
franio of the ongine. 

Tho oxainpio sho\vn is from recent practice on the New 
Wvk (Vntml R R. By comparison of measurements with 
|)h^^ i^f tlio engine frame, PI. VI., Figs. 3 and 4, it will be seen 
^t tho winlge key, W, Fig. 3; a'j)^ Fig. 4, is between the 
tw^i^y^ U, li—B'B" of tlie box. G G, G is the body of the box. 



V . 
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EfcTeloiithe topsiirfiices, AA, and depressed at HIT,— II' m H'. 
l33ie depreseions SS— S'— -S" are the Beats of "t!ie stimip 
UHoolcB," on wliich, tlirongh the mediam of very stout springs, 
! eu^ne rests. 

k-O is the brass lining, made thickest at E, by centring its 
Inter cnrre at o, ^ an inch above O, the centre of the axle. 
e recesses for Babbitt metal. KK are tlie front and 
«r walls of the oil cellar, which is packed with cotton waste 
I sod oil, and whose lateral walls, L, are ^ of an inch thick. 
"The outside recess, FF', in the cellar, keeps the bolt cd, which 
! throngh the front and rear walls to bold the cellar in 
; from passing throngh the oil, 
■ Conafruction. — The titles of the separate views, and the 
iren traces of the planes of section nsed, and the given 
Fnrenients, leave little need for minute direcliima herct 
e Bcalo may be changed to i or ^, and a horizontal section 
rongh O might well he made. It is left for the student 
I determine, by ooinparisou of tlie different views, which 
1 of the sections should be filled with Knes of shading, 
B being in the planes of section. 



Sfiafi-IIangera. 

48, Ou entering any mechanical establishment, a noticeable 

ntare consists in the many baud wheels, revolving on a com- 

, or " line of shafiin^" supported from the walla or 

g ; or from posts. The band wheels go by the name of 

wtover/tead j)ttlle>/s," and their supports by the general name of 

«•«, thongh this name may be more strictly applied to sup- 

s from the ceiling timbers. 

r Now a wall, or row of posts, or ceiling timbers, are liable to 

1, or spring, lean or settle, and thence to throw any bear- 

B attached to them out of line with each other, and thus to 

idnce an injurious binding of the shafting in its bearings, 

_ tin, overliead shafting is less accessible for oiling than that 

bicli is near the floor ; and, if unprotected, may drip black- 

i oil disagreeably upon persons and things below. 

tience, the main points of a gtH)d hanger are, fii-st : that it 

kll Ije adjustable both vertically and horizontally, so that its 

ring shall be in line with all the others of the same row; 
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second, that it shall seldom require oiling; and third, that it 
shall not dri)). 

PI. III., Figs. 1 and 2 represent two rery good hangers, the 
second of which fulfils all the conditions just mentioned, while 
both are good exercises in the construction and reading of 
drawings. 



EXA^IPLE V. 

A Bracket Hanger, 

Description. — PI. III., Fig. 1. This design is from the Indus- 
trial Works at Philadelphia, and as made in 1S5S and sub- 
sequently. 

It is shown in two complete elevations and a plan, from which 
the bearing is removed ; and a horizontal section thnmgh the 
case F,F',F" is shown. 

A,A',A" is the bracket, fastened by bolts, at hjb\h*\ to the 
wall. A two-inch shaft is supported at C',C"D", and the box 
C"D" is self -adjustable by its spherical curvature shown in 
dotted lines, where it passes thnmgh the ck>se-fitting ring, 
B',B" ; the ui)per and lower parts of which are held together 
by l)olts lis at c\c'\ At d'd"\^ the oil hole ; e'\e'' are dripping 
cups to (?atch any oil that may work out at the ends of tlie bear- 
ing. They rest in the ears or recesses at e^e\ The ring B',B", 
is attached to the screw S,S',S'', which affords a vertical adjust- 
ment to the bearing. The latter is adjusted horizontally by the 
three screws m^ which bear against the hollow cylinder j?, 
within which the screw S works. Just above the letter S is 
seen half a thread of this screw. The shape of the chamber, 
F, all(>w9 for horizontal adjustment, principally in a direction 
jyeq^endicular to tlic wall, to which the bracket is fastened, as is 
olniously most necessar3\ The whole being adjusted, the check 
nuts /?,;/' and N,X' hold the bearing fast in the desired position. 

Qmst ruction, — The measurements nut given, may be deter- 
mined by the scale, or may be assumed. The student may ad- 
vantageously increase the scale to one fourth, one Jifth, or one 
sixth ; and may make out a vertical section through the axis of 
the shaft 

The heavy lines are indicated by small double marks acroa 
them. The student should, however, always note the heavj 
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unea forhim&etf before calling for asdstaoce; guiding Mmself 
\>y the priuuiple that the light is tiikea so that its projrmtio/is 
tnAkti angles of 45° with the giv>«n(l line ; and then tiat snr- 
£aces illnrainated are separated from those in the dark by heavy- 
lines. (47, Ex. II.) 

Example VI. 

A Sflf-Oilinff Drop-Hartiger. 

Desaription. — PI. III., Figs, 2, 3. This design \& from Meesra. 
Billiard and Parsons, Hartford, Conn. It is claimed for it that 
it requb'ea oiling but twit^ a year, thna saving more than half 
of the oil, and nearly all the labor required by a plain box. 

A, A' is the top plate, solid with the drop, wliich extends iii 
one piece to the line Mm'. The moulded cylindrical part 
mi/'o', is hollow, and recei'ses the swivel A'MMu', whose bear- 
ings are as iudivated at M and M, the space between the lines 
b' and c' being hollow all around. ITie swivel also is hollow 
between a' and o'", from MR to k'-; the ring QQ', being in one 
piece with the swivel. Fig. 3 shows an end view of the ring 
8ild swivel, where 0"0' ' is the form of a section of the ring at 
the toil, and the similar small figure at v" is a section at the bot- 
tom. By means of the nut N, working through the head of tho 
swivel, the latter may be raised or lowered, and turned in any 
direction. Tiie journal box itself, gs — <ff is held in position 
wilhiu tho ring by the opposite set screws n,n',n", which adjust 
it laterally, and wt)rk tlirough bearings t,t, not shown in plan. 
The box being thus held at two points is self-adjusting ti)im]>Gr- 
fecUoDs in the straight lino of the shafting. L' is tlie oil cellar, 
the spinil grooves, LJ., in which, hold oiled packing, which draws 
up the oil from L by capillary attraction ; and the circular chan- 
nels at q and y catiJi any oil that might otherwise drip out 

In reading thlji drawing, we notice a sot of circles with T as 

B centre in tlie plan, and another, with X as a centre in the ele- 

hration. Of the former, a,hjifi and d, with a'jb'^',c' and (/', re- 

Streseut the several vertical inner and outer cyhndrical surfaces 

f the drop and swivel, and e—f, is the plan of the extreme oir- 

mferencea at e' and/'. Of the latter, tlie letters of reference 
jliow the position, being the same on the two projections of the 

me circle, as r — t-', the end circle of the box; or the same 
rylindricui s^urface, as jip', the inner surface of the box. 
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Tlie letUfj-s CC, etc., aiid Iin',etc., clearly indicate the Fvnn 
of hurizoutal sectionB of the drop and the ring. 

Tu avoid the iudistiuutiicss of too many dotted Hues, the plan, 
II Q, of the ring is made in full lines, 

Conatruciion.—'The uioaBurements not given may be aecer* 
taiiiod bj a scale, or suitably aaeuraed. By placing the figure 
lengtliwise on the plate, the scale may properly be enlarged to 
oae-t/iird, or one-fia(f. 



Example VIL 

Turbine and SpindU Foot-St^. 

Description. — A foo^8tep is the support of a vertical revolt- 
ing shaft at its lower extremity. PL II., Fig. 3, represents tliQ 
footstep for a Jonval Turbine, substantially as niade by Ool- 
lins and Co., uf Sorwich, Ciimi. SS— S' is the hridyf- Wet, ex- 
tending acroes the wheel case at the bottom, and stiffened by the 
rib KR'. The sDcket, <kl — d'd\ is solid with tlie bridge tree, 
and surroundfi tlie eiy>, ah — a'h', whoee position \& adjosted by 

Hcrews, as pp', roughly shown. The i-emaining parts ore 
not shown in the plan. IS, the stt-p itself, is of lignum vitae, 
immovable in Uie tup ah — a'h'. On it rests the step howl^ CD, 
of iron, which is keyed to the ^aft, £, of the wheel, as seen 
at i, and is solid wiUi the I'lwer plate of the wheel. 

Cwutnictlun. — The measurements may be determined from 
the scale, and recorded. The cup, and pai-ts above it, are Hhowii 
ill Bectiuii, and may lie shaded accordingly. Also tlie elevation 
is 6how^l In seetion, as cut by a plane a little in front of EH, 

The gpifulU fool-step, PI. II,, Fig. 4, g^ves a very simple 
drawing exercise, hut is noticed on account of its utihty. Where 
thousands of spindles arc runuing in the same mill, any device 
Wliioh lessens the fi-equciicy of oiling is \'aluable. In this foot^ 

, any ctinvenient fihi-ons packing is placed in tlie annular 

lOj UI)', and well saturated with oil. Openings, aa' and ib\ 
Wttdiwt the oil from this space to the vertical revolWng spiiidle, 
" "ah rests in the step CC Near the upper end, the spindle ii 

xirhHl by uiiothcr bearing, similar to A"B", but open Bt 1>oCh 

», niid railed n liolaler. 

■' ■ ; .' ' I.^on rovolutjons per minute iieeda oiling 
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notoftener than twice a week with this foot'Step and bulster, in- 
stead fif once or more every day. 

There is a somewhat similar device, but without the fibrouB 
packing, known as Oilman's spindle step for " Eoviiig Frames." 
Theise maehinea act in an earlier stage of the fomiatiim of the 
thread, and their spindles revolve more slowly, or at 6(K) revolu- 
tions ]ier minute. These steps require oiling but three or four 
times a year. 

4S. Ill leaving the subject of shaft enjjporta, an improvement 
in the ahaftiug itself may be meutioued. This is what is known 
as cold rolled shajling. Merchant, and other maniif actm-ed iron 
is generally roiled hot; but, by a patent process, bars, rods, 
txVa, also jilatea and sheets, are now rolled euld. Tiiis, as ex- 
periments show, corapi-esses, hardens, and streiigtheuB the i 
and also leaves it highly polished, and perfectly true hi straiglit- 
ToesA and roundness, and finnest in its outer surface or " sh 
which is cut away in other shafting, by tlie pmcess of turning 
it true in the lathe. 

B — Iiine Supporters. 

Example VIII. 

Zacomotive Guide Bars and Cross-head. 

\3h8ariptwn. — The outer end of the piston-rod of most en- 
\ is attached to a block, or transverse piece, which slides 
lek and forth as constrained by fixed guides, upon which it 
The block or tranavereo piece is called a crosa-head. 
fWhen the guide bars are separated only by the cross-head 
y are, ideally, one to four straight and parallel lines, on or 
ween which the cross-head, reduued to &poinif moves. When, 
t in flide-lever, and some other engines, they are necessarily 
rated by the diameter of the cylinder, the cross-head becomes 
iDded into a transverse lins, attached to the piston-rod at its 
"b point, and having its rectilinear movement determined, 
it its extreme points, by the guides. 

ftrOn some accounts, the cross-head might be classed with coin- 
licators, but it is so convenient Ui represent it in place, ns 
frking between its guides, that it is here accounted a »ujyp<trt.ery 
indeed it is, to one end of the connectififf rod, whioii 
lates the crank, and thence tiie iiiain Kfuift of the engine. 
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PI. n., Fig. 5. T,T' is a collar on the back end of the (^Un- 
der, from which project the pieces, one of which is E, to which 
the front ends of the guide bars are bolted. DD' is an arm, 
open like a loop or ring, or like an ox-bow, at the part to which 
the guides are fastened, so as to allow the vertical play of the 
connecting rod. Hero the pieces E', to which the guides are 
bolted, are themselves bolted to DD' by the nuts and bolts at 
NN' and fiS\ Now, BB' is the front upper guide, B,C' the 
front lower one ; A,B' the back upper one, and A,G' the back 
lower one. That is B, for example, is tlie horizontal projection 
of two bare, one vertically under the other ; and C, for example, 
is the vertical projection of two, one of which is exactly behind 
the other. IIR'R' ' is a portion of tlie piston-rod, whose full 
diameter is shown in the elevation, by nicking out a little of the 
guide bars, as shown. 

The cross-head, which is quite an irregular solid, is shown in 
plan and elevation, partly hidden by the guides ; alone, in rear 
elevation, in Fig. 6 ; and witli a cross section of the guides and 
brasses in Fig. 7. M,M',M" is the body of the cross-head, flush 
with the tops of the upper guides, and tlie under surfaces of the 
lower guides, but entii*ely hidden in the side elevation. W, W' 
are the vertical wings of the cross-head, giving it a longer bearing 
on the inner faces of the bars. II,ir,II",H"' are the horizontal 
wings, which in some engines are as thick as the space between 
the upper and lower bars. In this design, brasses lyh'b'fi"b'\ 
shown also in section above and below II'", intervene between 
the wings II,H', and the bars. They cannot slip out to right or 
left, being hoicked at both ends, as shown at ft' on the lower one. 
They ai-e otherwise confined by the plate FF', which is bolted to 
the wing II,II'. The back end of the piston-rod is conic-al, and 
goes tlin.)ugh the body of the cross-head, as shown by dotted 
linos. It is fastened by the key tk'k"k"\ The pin PP' is 
cylindrical, and forms a point of attachment for the c<innecting 
rod. K,K" is an arm, projecting from the back plate G, to 
carry the pump-rod L. 

Fig. 7 shows a section of the back bars, brasses and wing in 
tlie plane Y^ ; and a section of the front bars in any plane, as 
X.r, to the right of the brasses. 

CvmtruetUm. — ^With this description, and with the full 
measurements and lettering of parts broken away, the congtnMS 
tion can readily he made. The scale may well be increased to 
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!A, or even nne-ffth ; in the latter ease by breaking out a 
Jof the length of the guides. 



I Afl an example of the gradual development of a mechaiii- 
pea, it is intei-efiting to note the stieceseive forms of loeo- 
1 croes-heada that have appeared. Fig. 8 represeatSj 
lly, the general form of a cross-liead often seen from ahout 
[ and onward. Here the single guide bar, B, running 
Igh the cross-head, tlie lattei- has the greatest levei'age fur 

"ing itself in a rotary direction around B. The piston-rod 

was inserted at E, and P is the end of the pin to which the con- 
necting rod was attached between two ears, one of which is Q. 

Fig. 9 represents an improvement relative to steadiness of 
motion in the croes-head II, by making it move on two guide 
bare^ B,B- Here, too, we have an elementary illuBtration of 
unessential variations of one idea, for the guides were si]iuetiinee 
of circular section instead of a square one ; and square section 
guides were sometimes set diagonally, or so that opposite edges 
as aa should be in a vertical plane. This form was common 
between 1850 and 1860. 

Finally, tlie last example, Figs. 5-7, represents the fuUy de- 
veloped idea of steadying the cross-head to the utmost, by confin- 
ing it between four, exterior guide bars; which is the extreme 
jwposite in effect of the form shown in Fig. 8. This form has 
ailed in the United States since about 1S60, especially on 
■ide cylinder" engines. 

i there is a greater tendency to a vertical than a hori- 

t displacement of the cross-head, as in the common four- 

r switching engines, without trucks, whi(^h rock vertically 

J deal, the guides now often consist of two bars in Averti- 

Bane, with a cross-head of greatest width verficallff; as if 

I in Fig. 5 was an elevation of guides consisting of only 



C— SURFACE SUPPORTERS. 

a— Plane Supporters. 

.Passing these without figured illustration, we merely 

I irou-planer tables and face plates of lathes as inovable 

ers. Each is pierced with many cross-shaped openings 

r large or small work to be conveniently fastened at any; 
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b — ^Developable Supporters. 

52. Associating prismutic and pyramidal forms with cylin' 
drical and coni^d ones, we distinguish surface from volume 
elements, when it is only the surface of the supporter, and not its 
interior capacity^ which we have to consider. 



Example IX. 
A Local Bed Plate, 

Description, — PI. I., Fig. 5, represents tlie bed for a 60-ton fly 
wheel, at the Bessemer steel rolling mill, in Troy, N. Y. Its 
principal parts are the sole, AA'; the vertical web, B — B'B'; 
the top plate, C,C' ; tlie gussets, DD', and EE' ; and the trans- 
verse supports, as FF', through which the holding-down bolts 
pass into the masonry below. 

Both projections have a transverse centre line, OO'. The 
part of the plan to the right of the broken edge, ai, shows a 
horizontal section in the i)lane, MJf ; dd' is one of two lugs to 
confine tlie pillow block which rests on the plate CC 

Co7i8truotio7i, — With the given measurements, snificient data 
are afforded for drawing this bed, as shown, or with the substi- 
tntion of an end elevation, and longitudinal and transverse sec- 
tions ; some one oi* more of whicJi variations from the given 
figure should be made by the student. 



D— VOLUME SUPPORTERS. 

Example X. 
A Locomotive Cylinder, 

Description,— P\. lY., Fig. 1. This example is from a firet- 
class engine of the New York Central R.R., taken from working 
drawings of an engine not then built. 

The drawing shows an end elevation, \iath the cylinder heid 
removed, and a vertical longitudinal section. 

The end elevation also shows a pait of tiiesaddUj EFL?,^' 
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tending acroBS the engine, and bolted to the smoke-box, t/^*, 
while the cylinder flanges, S JD, and MIS', are bolted, the former 
to the smoke-box, and the latter through the main frame, whose 
section is I, to the end, LIT, of the saddle. 

The drawing further shows, incidentally, for convenience, a 
bottom plan, T ; a transverse secti(;n, T' ; and longitudinal sec- 
tion, T", of the st^am, valve ; the piston^ P, with its rod, E; 
and the stufiing-box, \JYw ; consisting of the collar, U, of the 
back cylinder head ; the gland Y, bolted to U; and tlie annu- 
lar space, w^ in which the steam-tight packing is confined by the 
gland, V, and ring or lining, x. 

For the rest, the correspondence of the letters well shows the 
diflFerent projections of the same parts. Thus, g'g" — gt^ is the 
valve seat ; A'A, indicating lines by one point, is tlie floor of the 
steam-chest, whose sides and top are removed, and into which 
Bteam enters through a pipe behind K'K at D', and the port 
rf", which may be 12" to 14" long. The annular surface, of the 
width, ^'7'—;; '7, is on the cylinder head, and is set a little back 
from I'm! — In" to allow a ring of packing to be inserted. 
Yyy"n' — rvnxky is a steam-port, extending, as the end ^•iew thus 
bIiowb, through nearly a third of the circumference of the 
cylinder, at each end ; C — CC", is the axis of the cylinder, 
Q/o' the radius of its hore^ and the minutely greater distance, 
Cjp', is that of the counter-hore for a short distance at each 
end, as sho^vn at op^ and intended to facilitate the discharge of 
water of condensation. BW is the front cyli rider cover which, 
like the rear one, is a little concave, so as to conform to the 
piston, and thus reduce the volume of old steam left in the 
cylinder at the beginning of a new stroke. XXX is the front 
cylinder- jacket of brass, the confined air within which keeps 
the heat of the cyluider from escaping, and is ornamental. 

In view of a prevailing disposition in some quarters to strip 
the loc<^>motive of all its ornament*, it is not an improper di- 
{rression to say, here, that it is probably all a mistake to do so. 
It is not for the sake of the engine, though that^ as a thing 
quite analogous to life, deserves ornament, nor for the sake of 
the public only, nor in regard to the character of the train, as 
<\rpi*ess^ or freight, that an engine is to be ornamented ; but it is 
chiefly for the sake of the me7i who operate it. If $300 to $500 
apiece, spent in beautifying the passenger engines, and $200 to 
$800, each, on the freight engines, interests and rationally 
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gratifies their operators, and so raises the morals of the entire 
force of a road ; it is money well spent. It may be true, how- 
ever, that brass and scarlet are not the chief means of locomo- 
tive decoration. An abundance of smoothly rounded and 
finished surfaces of iron and steel may have a greater as well 
as more quiet elegance. 

Construction, — ^With the full measurements given, this needs 
no special explanation. By turning the figures crosswise of the 
plate, and substituting a mixed plan and horizontal section for 
the end view, the scale could well be increased to one-^io^. 

Example XI. 
A Jet Candenser. 

OeneraL explanatiom. — Steam engines are distinguished, in 
one of many ways, as condejisinff, or nojv-condensing ; popularly 
called, low and high pressure, respectively. 

The latter terms are quite loose, since there is no particular 
point at which pressui'C may be said to cease to be low and be- 
come high. 

Ilifjh pressure engines work against the pressure of the air, 
since their passages for the escape of steam from the cylinder 
open into the atmosphere ; while the cylinder, acting as an air- 
pump, tends to exliaust all the air from the boiler, so that there 
shall be only steam on the side of the piston which is at the 
moment open to the boiler. 

Low pressure engines, on the contrary, have a vacuum more 
or less perfect <m the opposite side of the piston from the steam. 
Hence, with any given pressure, they have an advantage of 
about 14 pounds per square inch over high pressure engines. 

In short, each has steam, only, on one side of the piston ; 
while the high pressure engine has an opposing atmosphere, 
but the low pressure one a vacuum, on the opposite side. 

The vacuum, maintained in the low pressure engine, exists 
primarily in the condenser ; a vessel inunediately commanicat- 
ing with the steam-cylinder, and into which the steam passes 
after effecting a stroke of the steam-piston, and is condensed. 

This vacuum is produced at fii-st by the action of an air-pump, 
which is a part of the engine, and which removes not only the 
air at first found in the cinidenser, but the water of oondensa- 
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tion also. It is maintained by the air-pump and by the process 
of condensation itself. 

There are two classes of condensers, according as the escaped 
eteam is brought into direct^ or indirect contact with cold water 
as a means of condensation. The former are called ^^^conden- 
sers, the latter, surface-condensers. 

Desenption. — PL V., Figs. 1, 2, 3, represents a jet-condenser 
of the form frequently found on American lake and river 
boats. Fig. 1 is a partial plan ; Fig. 2 a vertical section on the 
vertical plane Mw, Fig. 1 ; and Fig. 3 is a partial elevation, look- 
ing in the direction indicated on Fig. 1 by nM. 

^r\f — ^M'N' — ^M'lf '' is the wall of the condenser, wliich is 
vertical and cylindrical. AB — A'B — 'B" is the injection^pe, 
conducting cold water to the upper part of tlie condenser, 
whence it falls tlirough the strainer^ CC, and meets and con- 
denses steam which enters from the cylinder through the nozzle 
D,D',D'^ A few, only, of the numerous holes in tlie strainer 
are shown in the plan. 

E'E" is a manhole, covered by a plate, for affording access to 
the interior of the condenser. F,F',F" is a slanting flange by 
which the condenser is kept in place relatively to the gallows 
frame which supports the working beam. The lugs, 55, and 
the lower brackets H,H',n", afford bearings for bolts which 
fasten the condenser to the hed-plute^ PL YIII., and parts ad- 
jacent The upper brackets, G,G\G", give bearing for tie 
rods which bind the beam-i>illo\v block and the condenser to 
a fixed relative position. The strainer rests on lugs, as aa'. 
The lower surface N'N' of the condenser, rests on the bed-plat«, 
and its top rim cd' — c"d" is the bearing for the cylinder. 

Construction, — The small scale of ^ inch to 1 foot may well 
l>e enlarged to not more tliun 1 incli to 1 foot. The curve 
KL — K'L' — ^K"L" is the elliptical intei-section of the oblique 
front plane of the flange, F,F',F", with the vertical cylindrical 
outside of the condenser. It is readily constructed by points, 
by simply considering that any ordinate, as ///*, upon the centre 
line M/i of the plan, will be vertically projected at F', and on 
Fig. 3 at h'f=hfy and laid off from the centre line n^-w". 
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Example XII. 
A Surface Condemer. 

Desorijption. — Any surface condenser is an arrangement of 
parts sucli as to bring confined steam into contact with a large 
area of surface which is kept cold. PI. V., Figs. 4, 5, 6, 7, and 
8, gives sufficient, though not entirely complete, \'iew8 of a sur- 
face condenser, as built by the Novelty works at New York 
for the recent Pacific Mail steamers. 

In this condenser are 4,224 tubes of galvanized brass, each 
about 9 feet long, f inch outside and ^\ inside diameter, in- 
serted at the ends in tube plates, I., Fig. 7, where a tight joint 
is made by a collar or packing of compressed wood,^;, around 
the tube. 

A,A-' is the bed-plate, see PL YIII., through a passage in 
which, watei' is forced, entering the condenser at L, and passing 
through the tubes and out through the out-board delivery, O, 
as indicated by the arrows W,W,W, Fig. 5. B,UB1> is the con- 
denser proper, into wliich steam entei-s from the cylinder, C, 
through the exhaust valve at ee^ and as shown by the arrows 
j?,^,.<?. It is condensed bv contact with the cold tubes; and as 
it is not mixed with the cold water of the tubes, it forms fresh 
hot water for tlie supply of the boilei-s. This water flows into 
the lower part of the bed-i>late A, whence it is lifted by the air- 
pump, P, into the hot well, and thence pumped into the boiler. 

The covei's, FF, Fig. G, of the separate oj)enings in the skele- 
ton frame of the condenser, are called hrmnets. F', at the left, 
is an edge view of one of them. At IIII, one of the bonnets is 
removed, showing some of the t.ul)es. D is the rounded con- 
denser cover. KK", not shown in the plan, Fig. 4, is the flange 
resting against the gallows frame GG. Fig. 8 is its horizontal 
projection, corresponding in position with K. S",SS is the 
steam-chest ; N, tlie steam-pipe nozzle ; Q and Q', the steam 
and exhaust pipe. 

Fig. 7 is a detail, enlarged, of an edge view of part of a tnbe 
plate, showing the wood packing ^>p. 

Confttruction. — The scale, except in Fig. 7, is very smalL A 
scale of from i to -f\ would be much better. 
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SECTION IL— GENERAL SUPPORTERa 
A— Point Supporters. 
B— Line Supporters. 

Standards. 

53. STAiirDASDS, otherwise called, without much distinction, 
posts or coliminSy are those upright supporters a/round which 
the working parts are mostly an-anged. It may be said that 
standards and posts are fastened only at bottom, but columns 
at both ends. 

This class of supporters is found in connection with upright 
drilling machines, ix)wer hammers, etc. 

The two following examples are chosen for their excellence 
in affording practice in drawing compound cur\'e8, and, in part, 
the intersections of surfaces. 

Example XIII. 
The Sta/ndard of a Power Harmner. 

Description, — This example, PL YL, Fig. 1, represents the 
standard for one of Shaw and Justice's patent dead-stroke 
power hammers, with a 1001b. hammer. It presents some 
points of such novelty and interest and value, as indicated 
by extensive use, that the following general description precedes 
that of the standard separately. 

Fig. 16 gives a general view of the whole machine, in two 
elevations. 

A is the hammer, working vertically in guides B. It is 
attached by the belt and links, CC, to the heavy bow spring, 
DD, which in turn is actuated by the connecting rod, E, from a 
crank pin on the wheel J. 

A band wheel, L, on the same axis, actuates the whole 
machine. Its band, however, is loose, and is made to act by 
pressing do^vn the treadle, HII, which draws up the " idler 
wheel," GG, against the band (not shown), and makes it bind. 

The same operation also slacks the leather brake, MM, 
and leaves the machine free to act. AVlien the treadle is let go, 
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the band is Elacked nnd the brake tip^htened, by the falling 
back of G, and the hammer is instantly stopped. 




To understand the action of the spring, it must be nndontood 
tliat tlie liuniiner actfi with great vchwity, making, fur a 1001b. 
hammer, abiiut 250 stl-okcs per miiuitc. At the Inetant, then, 
tliat the itpring l)egins to ancviid, the resistance of the hammer 
compTOSsoa it somewhat, and when it begins to dt-scend, the 
momentmn of the luimmer cariies it upward, still, a short 
dintnncc, whicli cannes a strung conipre^ion of the spring, 
while the I>elt CO will lie slightly curved vj»cart/s. Then, in 
the remainder nf the descent, tlie recoil of the spring aets with 
great force to straipliteu the belt and draw down tlie hammer 
much more ix>werfnlly than its mere free descent, throng bo 
short a Rpace, could do. The spring farther acts to pick op the 
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■ inetantly after its blow liaa beeu giveu, so tlmt li 
indations are less beaten thau by a drop hauuner. 
(The coniicutiitg rod is in several pipces. («)ii])led with right 
hd left screws, sn that its length can be adjusted by tuniiug its 
parts by pins inserted in its holes, so as to give any desired 
distance between the Jiammer and the anvil. 

Construction. — This is slinwn in PI. VI., Fig. 1, by two 
elevftUons and a horizontal section through the gnides. The 
scale used was that of half an inch to the foot. A seale of 
double that size, as shown in the section, is recommend ed. 

As any two projections of an object often reveal all its 
dimensions with siifJicicnt clearness, the student can often 
exercise himself to great advantage by constructing other views 
than tlie ones shown, from the nieasiirements giveu. Thus, in the 
jireeent caae, a plan could be coiLstructed, and a vertical section. 

KWith the full meaam-ements given in this example, no further 
letitious fi>r its constructiou seem necessary. 
Execution. — Under this head but few remarks have hitherto 
en made, ae the plates have been supposed to be executed 
simply in lines. Some tif the figures, and tliis one among 
othere, might be fully shaded with excellent effect; in tliis 
case, on accoimt of the iiuniei-< ms bluntly rounded edges. 
When thns shaded, a figtire need Iiave no ink lines at all upon 
it, all the sharp edges, if Oiere tic any, being well shown by the 

contrast of shades between the adjoiuing sm-faces, or by leav- 

)W line of lighter shade on edges exposed to the 
f darker tint on edges which are lines of shade. 

I fii. Having iu view the advantage of comparing different 
& of attaining tlie same object, the following figures and 
ksription of a very elegant species of spring power hammer 
e added. The description is nearly m the words of the mann- 
jctiirer's circidar. The machine is known as Hotchkigs's 
lent Forge Hammer. 
~ 'nation. — ^The Hammer represented by Figs. 17 and 18 

. Simplicity and Durabihty. 
Id. Economy of Power and Space. 
'. Striking square with a sharp and elastic blow. 
^t runs with little noiae, and by the peculiar arrangement 
B cylinder and piston, the hammer is driven by air-springs, 
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which saves the machine fi-om jar, otlior than the blow tm t] 
anvil or work ; and can he used in any building vrjtiioot i 
juring the fonndation or walls. 

The cylinder and hammer 
moving in Tertical slides, each 
blow is square, exactly in the same 
place, and some kinds of die vioik 
can be forjjed as exact as under 
a drop, witia greater rapidity. It 
is under the perfect control of 
tho operator, can strike light or 




lieavj", bIow or fast, as desired, and will draw, weld, < 

Tlio Iiiiinmer derives the mcreased foi-ce of ita blow 1 
tlio Tvactiim iif oompreasod air vpon. the pUton. The 
In (lotiiproiikit'd within the cylinder A by tlie pistvu , 
wltlnh i\\* tho cylinder, air-tight. {See Fig. 18.) "" 
|iy1Ini1or niovi'ti in the slides C by the action of the onB~ I 
liix'flnifrnil D, driven by the wrist pin in the faoe plate 
\i by bolting, tn tlic osnal manner. Tlie cylinder is air- 

[lit lit I'lirh einl ; there are two small liolea F iu the cyllndq 
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_ a which the air passes freely in and out, which supplies 
Biy leakage, aud prevents a vacuum behiud the pistou as it 

8 beyoud the air-ports either way. 
iThe pintoth /''■stoii-^oij., and hamtn&r arc entirehj independ'ent 
I the ojljiidci', and can be moved up and down without moving 
t cylinder; wlien tlie cylinder is moved either way, tlie piston 
1 the air-ports F, cunfiuiiig the air in either end of the 
Indt^r, which prevents the heads striking tliG piston, and acts 
Va spring, lifting tlie hammer up or accelerating its downward 
nvement. The i/ylinder has a definite motion, governed by the 
nrel of the crank, hut the hammer has moi'e lift, according to 
B" oompressitm of the air. 
f tile cylinder is moved up and down slowly, there is no blow 
^BD, as the weight of tlie hammer hangs on the cusliion of 
fir, wd^r the piston, in the hotiom, of tlie cylinder. If the cyl- 
c is moved up quickly, the air under the piston lifts the pis- 
li &nd hammer as quickly to the highest point the crank will 
low the cylinder to go ; then, the momentum the hammer has 
nainid, causca the hammer to go higher, which pushes tlie 
1 up in the cylinder and compresses the air in the upper 
^portion, which acts as a spring to accelerate the downward mo- 
' 1 (rf tile hammer. 
r Tin addition to the weight of the hammer, and the reaction of 
6 Hpper air spring upon the piston, the upjierJieiid of tlie cyl- 
iflw as it comes down drives the pinion and hammei' down with 
) Bame rapidity with which it was raised ; thns, l>y a rapid 
teiprocating motion of the cylinder, quick and sliaip blows 
e given. 
' The blow is according to the speed at which the hammer is 
m, for when running at high speed the upper air spring is more 
mpresaed. 

The speed is regulated by the idler pulley operated by the 

treadle. But if it is wished to mn rapidly and lightly, raise the 

cylinder by lengthening the rod by the double nut on it, which 

^ows the lower air-cnahion to take the hiUk of the blow. The 

mmer, after beiug driven down, is instantly picked up by the 

^ending air-cusliion, without any shock or jar ; and so long as 

%k packings ai-e tiglit, it can be run for years with little wear. 

lese packings are as simple as a pump-packing, durable and 

sily renewed. 
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C— SURFACE SUPPORTERS, 
a — ^Plane Supporters. 

Framea. 

65. FsAMES are those general supporting members of mi' 
chines which, according to the usual meaning of the term, en- 
close certain open areas, one or more. They are also the more 
immediate supports of moving pieces, whose centres or patki 
of motion they hold in fixed relative jMmtUnis. 

So various are tlic forms and uses of machines, and so depen- 
dent is the form of the frame, in each separate case, upon the 
intended use of the machine, that it may not be possible to pre- 
sent a complete or well-defined classification of frames. 

Still, the mind may be guided, in ranging through multiplied 
examples of frames, by the following view of the more conspi- 
cuous varieties of familiar or novel designs. 

Frames, then, are 

Beam frames ; as in the general frames of locomotives, car 
trucks, etc. 

Wehhed ; when thin, and embfacing many regular and irreg- 
ular openings. Webbed frames ai>pear in the two principal 
f onns of plane^ as in the end frames of spinning machines ; 
and closed^ as in case of some upright engines, whose vertical 
prismatic, or more commonly pyramidal frames, consist of 
perforated plates joined at the corners to form a frustum of a 
hollow pyramid, upon and within which the working parts are 
supported. 

Trunic frames / as that of a Corliss' upright engine, wliicb 
is a frustum of a cone with a circular or oval base, as may be 
most convenient, and whose convex surface is continuous, except 
as broken by one or more large o^ninings, to allow access to 
the interior. 

Jointed ; as those of many beam engines, and vertical direct- 
acting engines. The columns ft^und in such frames are some- 
times inclined, fonning an open pyramidal frame. Jointed 
frames are also s^jmetimes composed in part of rods united by 
joints, as in the frame of Wlieeler s " tumbling beam" engine, etc. 

Consolidated ; where, for the greatest rigidity, and Becorily 
from displacement by shocks, the local and general supporteiBi 
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told other fixed parte, are, as far as poesibl?, consiilidated luto 
1 piece, lis in Rejiii iWb' Uiree-cylinder engine for reversing 
It full speed niider full steam. The same idea is also illustra- 
1 in tlu«e steam liammers in which the steam cylinder and 
rame are one piece, and in the Corliss, and the Bahoock and 
ITitcox horizontal engines. 

I In the study of frames, the principal things to be sought 
(e, firBt, the combinatioti of lightness with strength; second, 
By access to all the attached working parts ; third, whatever 
s of outline can be had; fourth, and as a means thereto, 
tiiie solution of the numerous probleras of tangent curved and 
straight Hues which occur in designing open frames. 

tn illustrating a few specimens only of the above descriptive 
of frames, which is all that seems to be necessary, we have 
m examples differing from each other as much as possible, 
presenting, otherwise, useful exercises for practice. 
et 
th 
it. 



ElAilPLB XIV. 

Looomotwe Frames. 



r Ocnerdl Principles. — In the construction of the modem 
tnerican locomotive, the objects sought are unity and firmness 
I the assemblage of principal parts, and ready self-adjust- 
ment, with durability, in the running parts. 

To secure the first object, the boiler, with its enclosed fire- 
box; the frame, and the heavy castings which embrace the 
^VlinderS, are all strongly united so as to act substantially as one 

I To secure the requisite fle-\ibility, with steadiness, the springs 
r the two driving axlea are linked to a balance beam, the 

tnge on the forward driving wheel is omitted, and the front 
i of the engine is supported at points on the transverse centre 
> of tlie truck, whose wheels are far apart, bo that a, slight 
tical displacement of any of them occasitms but a slight 

trt'ement of the central points of support. 

"Tie frames are of wrought iron, in a few heaiy forgings, and 

B next to the imier sides of the driving wheels. 

'The flguree 2, 3, and 4 on Fl, VI. show two different styles 

I frame. 
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Description. — ^Pl. VI., Fig. 2, shows the essential parts of the 
frame of locomotive 21, on the Boston, Hartford, and Erie R. 
R ; now (1868) nearly new. 

GG — G'G' is the main portion, and is solid with the jaws, 
EE, which embrace the axles, K, and the axle boxes not shown. 

The portion at od is reduced to the thickness shown at e in 
the plan. HII — ^H'H', the forward section of the frame, is 
fastened to the rear section GG' at e-rcd and to the forward 
jaw E by bolts, as shown. The stirrups, FF, are bolted to the 
frame by four bolts each. The lugs, LL, mark the points of at- 
tachment of the cylinder to the frame. 

The plain portions of the frame are broken out, that the more 
important parts may be shown on a larger scale. 

Figs. 3 and 4 show a slightly different style of frame, and 
also one of the adjusting wedges, not shown in Fig. 2, showing 
tlie manner of setting the axle boxes, so as to secure the correct 
distance between the axles of the two driving wheels, on the 
same side of the engine. 

In this frame, the stirrups are all alike, with horizontal bear- 
ings, and each is held by two boltSt 

The inner sides, as ew, of the jaws, converge upwards, as seen 
in both frames. 

Gno of tlie adjusting wedges is separately shown in Fig. 4. 
Its flanges ha — h'a'j and pq^ clasp the jaw E, its interior width 
being seen to be tlie same as the thickness of the frame. The 
surface ac beai-s against the jaw, and the vertical surface, ed^ 
against the axle box. By the nuts, N,N', the wedge is raised and 
lowonjd. When raised its ascent along the taper of the jaw 
(•rowdrt the axle box to the right, or forward. D is a clamp 
Hcu'ow, which holds tlie wedge tight against the box. A similar 
<»no, bearing against the opposite wedge, not shown, each acts as, 
a (?l»ock nut to tlie other. 

Tlit- iuiion of a check or jam nut is thus explained : When a 
ningh^ nut, as N, is screwed up to its bearing, any jar which 
turim it free from the bearing leaves it loose on the screw, and 
lial)Io t<> W(U'k off. But when a second nut, N', on the s^me 
mM'PVV in bn Might home, each clamps the other to the thre<id% of 
thf^ mrrif^j aH well as to the bearing, so that neither is so apt to 

iNit InnHC. 

Thn nutH may bear directly against each other as well as on 
^iiiiMMiiin Hid(5B of an intervening piece S, as in Fig. 3. 
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The bolt heads in the iimiii joint MM' are uonnterBiuit, tliat 
is, let into tho iron, nearly their wholo dcptli. 

In tho West Albany Machine Shop of the N. T. Central 
It. K., where the data for Fig. 8 and several other examples 
were obtained, locomotive bnilding, as well as repair, is carried 
on to such an extent lliat an admirable uniformity of like parts 
in all engines of the sanic claea now built there, has been Ecciired 
by means of a systein of steel gauges for internal and external 
tamed work, and of nuts and bolts for all parts of an engine. 

C'ofistruclion.—Yroni the fidl meaanrements given, either or 
both of theae frames can now Vie drawn without further ex- 
planation ; simply obscrriug tliat always, where a lai'ge unmber 
of equal bolts are nsed, it is fiuflicient to show one or two of 
them and indicate the positions of the reet by their centre lines, 
u shown in figures 2 and 3. 

PI, TIL, Fig. 6, gives & sketch, merely, witli measurement* of 
a web-frame for the support f>f a latlie bed. It affords lery good 
practice in eunipomid cnrves, suitable centi-ee for which can be 
adjtieted to the given meaauremeiite, by the student. 
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b — Developable Supporters. 

56. Bed platee, or, simply, beds, are the general supportere of 
mginee and other heavy machines, consisting of several parts 
resting on a common fiumdation. 

They are usually of cast iron and made in one piece, or in 
aectione, firuily bolted together, according to their m.e. They 
rest immediately upon tlie masonry foundation beneath them ; 
and, being in one piece, accord with tlie important structural 
principle of coiUvmtovs bearings, for what tliey serve to sup- 
port 

Bed plates may be described, as to their varieties, as Jlnl bed 
platei<. when consisting simply of a flat plate on which the sup- 
porting frame-work of an engine I'esta ; hox bed plates ; open, 
when consisting of four sides in one jiiece surrounding ati in- 
terior space, open at top and bottom, as seen in many h<jrizontal 
engines. Tlicse bed plates are, moreover, uaually symmetrically 
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divided by a vertical plane through the axis of the cylinder. 
See Fig. 19. 




Fie. 1ft. 



There are also covered box beds, that is like the last, only closed 
ou top, narrow, and having the guide, cylinder, etc., bolted to 
theiu ou one side; as in N. T. Green's horizontal engines; and 
tank hedsy which are hollow and answer for other purposes than 
that of inei'o support. Among these w^e distinguish, marine en- 
gine tank or hoHow bed plates — see PI. VIII. — and pier tank beds 
which are quite massive, and proportioned with such breadth of 
base as to preclude the necessity in maiiy cases of a separate 
masv>nry foundation. These are used more for portable hori- 
zvnital engines, though a very common practice is to make the 
bi^iler strong enough to serve also as a bed for such engines. 



Example XV. 



A Prismatic Beamrbed and Pedestal. 

l\sK'rij>tion. — PI. VII., Figs. 1-5. This beam-bed is from a 
Ki^lHHH^k & Wilcox horizontal engine of 10" bore and 30" stroke 
v>f pi?*tv»n. It is shown in elevation, and three vertical sections, 
«( A Is d\ and EF. The two sections at CD and EF are 
takct\ Un^king towards the cylinder, and show all in and beyond 

tV\' innuting out the different projections of numerous points, 
^i^bv iHMUjnirison of measurements, and distances with the 
^i!i\Kk*W% tht^ Htndont will be able to apprehend the form of this 
A^HVwhat irrt^gular, but very neat and substantial frame or bed. 

ftc ^HUiiv fnune, or engine support, embraces the standard 
^,^,^.l4vH>k or pedestal, MP, the bed-piece, HH, and the 
^jj^^^y \\\\\\ iU pedestal, not sho\vn, which are all bolted 

M^Im^ ^ ^^ 99 ^'^^ '^^^^' so as to act as one piece. 
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■ Fig! 



In the bed-piece, on all the figures, L is ite vertical web, KIC 
its ribbed latemi wings, on the back, and GG those on the 
front, which are shaped to act as gnides. I,R, is the back 
cj'liiider head, and the parts within IIIH', form the atufliug- 
The inner circle, c,c,c, is that around the piston-rod, and 

e, zndj'&re circles of the cylinder-head, as seen by comparing 
Figs. 1, 4, and 5. m,m,»n.,!m, are some of the bolt-holes through 
whitrh the bed is bolted to the ejfinder-ehell, Q is the back 
end of the steam-chest, and A the collar around the lalve-etem. 
The hollow square guide k and parts adjacent, Fig. 4, are for 
support of some of the moving parts. The disappearance 
into a plane surface is shown, as at r,r. 

The ribs, K,K, are partly shown, dotted, in Fig. 1. The long 
of the bed and pUlow-bloek are coufitructed by ordinates; 
in part by circular arcs, as shown. 

The pillow-block, MP, Figs. 1 and 2, may, as said before in 
Ex. m., be drawn separately; and on a scale of onesiieth, one- 
Jffth. or une-J-'inti-tA. It is largely hollow, as indicated by the 
dotted lines, nest to the outer ones, si is the diameter of the 

laft. Only the larger measurements are given. The rest can 

found from the scale. The boxes ore adjustable laterally, as 

proper in all blocks for horizontal engines, by set-screws and 
b-nut, as atji, y. N and (> are moulded edges. 

A i)lan may be substituted for Fig. 2, or a vertical cross 

ition through its centre. 

Figs. 1 and 2 shonld stand on the same line, so b£ to favor the 
projecting of points from one to the other. 

Construction. — As in all such cases, lay out the longer and 
outer lines first, and fill in the smaller parts afterwards- The 
proper hea^'j lines are nearly, if not all, indicated by two dashes 
across them. 



D— VOLUME SUPPORTERS. 

Example XVI. 

A Tank Jied^ilate. 

Dticriptian. — This example, PI. VIII., is an excellent one, 
repreeenting the bed-plate for a beam-engine, as built by the 
Novelty Iron TTorks of New York for the Pacific Mail Steam- 
4 
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ship Co.'s fitcanicrs, of the class having cylinders of 105" di- 
ainuter and 12 fttroke of piston. 

Fii^. 1 is a plan of the bed-plate. Fig. 2 shows a longitudi- 
nal wKftion made by the vertical plane MX. Fig. 3 sliows a 
transverse section made l)y the vertical plane PQ. Fig. 4 is a 
fragment of an elevation, as seen in looking into the opening at 

Over the chamber EE', on the surface CCC— C'C— C"C"— 
(y — see the several figures — the condenser, square in plan and 
f}ist(;ned by bolts thn)Ugh ii, etc., is set. Over the condenser 
is the st(^am cylinder, wliich is vertical. The condenser here 
supposed is of the kind called surface-condensers, Ex. XII., con- 
sist ini^ of a tight central chamber over E^, through winch many 
tubes pass, from a side-chamber over I)D — (l\ to an opixisite 
Hide-chamber over II, r. Water is delivered to the condenser 
fnnii a »team-i»um)), throu/jfh the passages DD — D'D' — D"D", 
which begin at Hl>" — H' — B'". These passages lead over the 
antii, Ji\ Fig. .'i, whi(rh is at DD in the bed-plate, and the water 
entei's, through 1)1.) — (l\ the side-chamber over that opening. 

Exhaust-steam from the cylinder, entering the condenser, is 
licpielied by contact with the midtitude of cold tubes which tra- 
veiNc its (HMitral (*hamber, and the water of (condensation flows 
t(» the right-hand part, KK', of the hollow bed, where it is 
removed by the air-pump, which also maintains the vacuum in 
tlu* (•ondcnser. 

The air pump stands at AA— A'A'— A"A"— A'''. Valves 
at KK — V\ called tlu» foot valves, prevent the re-fl()w of air and 
water to the condenser, when the air-pump bucket or piston 
descends. KK- --^'ii' ai-e o{>eiiings to give access to the foot- 
valves, and aiv covered by a bonnet. II is the o|>ening for 
a jupe leading from the bilge to the condenser, and used in case 
the vessel springs aleak. The vaiMium in the condenser causes 
water to lluw into it from the bilge, which is then removed 
l»y the nirpump. 7/*//^ is a manhole for entrance to the bed- 
l^late. 

The surfaces to which the word "faced" is attached are 
]Oaneil, to seeuiv accurate bearings and tight joints. 

r«'//.s'//v/<V/.>//.- The i»lan being entirely symmetrical, except 
the difleivnw between the holi^, mm' and H, it would be 
sutlieient to draw just enough more tluin half of it to inolndo 
lH»tli of tlu»o o]KMungs. 
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The completeness of the measurements, and the repetition of 
many of them, will aid in understanding the foregoing de- 
scription ; and as no directions, besides those already given in 
previous problems, are necessary, the drawing is here left to the 
student, with the correct location of the hea\y lines on Figs. 
1 and 2, as a study. These lines can generally be found by 
inspection, by careful attention to the principles of (47). 



Example XVII. 

Haibsing or Clvamhered Frame for a Reversrhle HoJUm/ 

Mill Engine, 

Description, — Pis. IX., X., and XI. [Let Plate X. be cut 
out and pasted at the top edge to Plate IX., so that their centre 
lines AB and AB shall coincide in direction. Then paste 
Plate XI. to the right hand of Plates IX. and X., so that the 
lines CD shall be in the same horizontal direction. The three 
projections will thus, if it be desired, be brought into proper 
relative position for reference.] This remarkable design is 
from an engine designed by G. H. Eeynolds, of K'ew York, 
iu 1S66, for a steel rolling mill at Troy, K". T. 

A very similar arrangement is described* as an English 
invention patented by a Mr. M'Naught, ^nz., three radially 
equidistant cylinders, fixed in a common frame, with the 
coimecting rods jointed to a common crank pin, and the valves 
worked by one eccentric. 
The rolls of a rolling mill usually consist, as described in 

the next example, of three lines 
of horizontal cylinders, one above 
another, and with circular 
grooves around them, shaped to 
the section of the bar to be 
rolled. If, then, a piece shoot 
through between the upper rolls 
as shown at a. Fig. 20, one rolled 
^'<»- 20- through the lower rolls will re- 

turn as at S, from the workman at B, to the one at A. This is re- 

* Imp. Cyc. Machinery. 
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f-eateJ, through the different approximately shaped pairs of 
im»ves which lie t«:>gether along the same rolls, nntil the final 
f ■.>nn is iTi^en to the manufactured bar. 

To accomplish this alternate passage of the bar with only 
two rolls, their motion must be reversed every time the bar 
j>asses them. 

The ix>ll3 revolve very rapidly; they require an immense 
j^nver to actuate them when numerous ; and to save time, loss 
of which would fatally cool the bar, they must be reversed 
instantly. To fulfil these cardinal conditions by direct action, 
that is, without gaining the necessar}' speed by gearing from the 
engine shaft, is the object of the novel engine here partly 
illustrateil. 

This engine was to be of 3,000 horse power, to make some 
t^iH^ revolutions per minute, and to be instantly reversible at 
that speed, with steam on, many times per minute. One of the 
lint\> of nJls was to be on the same shaft, S, PI. XI., with 
the engines, and would be geared to the other. 

Ti> si^oure this high shaft-irhclty^ without excessive piston 
sjHvd, the cylinders, of which there were to be three, placed 
l:?0^' apart, as shown on Pis. IX. and X., were to be of three 
fivt diameter, and only one foot stn^ke. To secure the great 
jMHCtr required for many rolls, without cylinders too large for 
t!io nnpiired vekwity, there were to be, as stated, three cylinders, 
of which one was to be vertical. This arrangement, also, would 
applv the jK)wer more equally to the shaft, and with never but 
one ** dead jKnut *' at a time. Finally, to provide against the 
grtnit stniin, and dislocation of partSj arising from the many 
quick n^versals, the three cylinders and the frame, enclosing 
all the steam passages, were to be in one huge casting. 

ri. IX., Fig. 1, shows the plan of the engine, with a partial 
!itH»tion of the vertical steam-chest, OO, and slide-valve, DD. 
UtM^> KKK is the branching steam-pipe, and F,F,F are die verti- 
cal coutnil planes of the three cylinders, placed far enough 
aivu't, latonilly, to allow their respective connecting rods to act 
Mile bv side on the same long crank pin, P, PL XL QA is the 
top i*over of the vertical cylinder. L, O, and L' are the three 
steam I'hests and the oblique cylinders are shown in dotted 
^mvH^ Steam enters thnnigh the pipe, E,E, and distributes 
itm^U\ »u* shown by the arrows, through the general steam-pas- 
««km^ 'l\ to the three cylinders. Escaping through whichever 
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fitcam-port is at the moment under the valve, it flows, ob at D, 
uilo the exhaust passage, K. The ujlinders are thus steam- 
jacketed, both b^v the live and exhaust steam. 

PL X. show-B the front elevation. CD is the sole of the 
frame, whit^h is of east-iron, whole. Its upper part, FGB, is 
not exactly of niiifona radial width, its three outer semicircles 
being described from a centre, O', 2 ins, below the principal 
centre, O. The three cylinders are shown in dotted lines, with 
their steam and exhaust poi'ts. E and E, at the upper cylinder, 
are eectiona of the steam passages, where they enter the steam- 
chest, at O, Fl. IX. IvK, at the same place, are sections of the 
exhaust passages, aa at kh, PI, IX. The aj-rows vrill make the 
course of the steam intelligible. IE is a three-armed brace, 
solid with ah, and alternating with the centre lines of the 
three cylinders. O is the shaft ; e, Babbit metal lining to the 
boxes, d ; and cd are adjusting keys; ^ is a wrought-irou 
ring, carrying the guides to the piston cross-heads, whose outer 
eD(Ls are bolt«d to eai«, It. 

The pilasters, I, are fluted in the original design, and can 
uasily lie made so by the draftsman. Also, the small panels 
of the npper part were finished, as at ffi, with bevelled edges and 
round corn en*. 

PL XI., Fig 1, shows in part a vertical transverse section 
through the axis of the upper cylinder; and below an interior 
^iew, with the end outer wall of the frame, between D and G, 
[,iPL X., broken away. Thus the interior of the cylinder, V, is 
lAhown. M are hiding-down bolts passing tlirough masonry. 
K, is the exhaust pipe; L and L' the ublitpie ateain-chests, 
fifaown iKifore, and O the \'crtical one, shown in section. The 
spherical piston, R, being at the top of its sti-oke, steam is just 
entering from O, through the [xirt, p', and escaping from below 
pistj)n, Uirongh q and K. QA is tlie cylinder-head, moulded 

conform to the piston atid the nut that secures the piston-rod. 
shaded portion, at jj/j is a section of one of the two wronght- 
rings which carry the guides, n. 

The main shaft, S, is cranked, as shown at each end of tha* 
crank pin, P, to the middle of which the connecting-rod 
tbe upper cylinder is attached. 

(hnitruction,- — As the plan is only partially symmetrical with 
to it« Irwo centi-o lines, the only considerable i-ediiction 
'Sicli can be made in the drawing is, tu make but half of the 
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elevation, PL X. By exercising great care, these plates may be 
made on a scale of ^ of an inch to an inch ; or of half an 
inch to a foot. Only tlie more important measurements are re- 
corded. The rest may be determined nearly enough from the 
given scale. 

Example XYIII. 

Housing for a JRolUng MiU. 

Description. — PI. XII. — This example presents some fine 
features, both of construction, and for practice in execution. 

It was reduced from designs by Mr. John Fritz, of Beth- 
lehem, Pa., for the mill for rolling Bessemer steel, at Troy, N. 
Y. The whole is in one piece from H to I'. It is here shown 
in plan, two elevations, and a horizontal section of the uniform 
column. 

The elevations have each a vertical centre line, and the plan 
has two. From these lines many of the measurements can be 
laid off. 

Several housings or frames, like this one, are ranged in ver- 
tical positions, parallel to each other, and supported on cast-iron 
ways, 'W,W,W", to which tliey are bolted by four bolts, shown 
as at mm\ These ways are bolted through oak timbere, 20" 
wide by 18" deep, to masourj^, on which, in turn, they rest 

The face of the u])per part of the housing, from aa^ to W, 
cousiots, as shown in the plan, of three vertical cylindrical seg- 
ments, tangent to each other, and to the plai^ portions exterior 
to aa' and bb\ 

The largest of the several mouldings on the outside of the 
houhing is cylindrical from c to d\d'\ and double curved above 
d\d", and also of increasing width above e, and, therefore, less 
nharply rounded, as its thickness, seen in front elevation, is 
(^oiiHtant. 

The several circles, having O for their centre, are the vertical 
j>rr)jc(ttions of circles, or of cylindrical surfaces, whose axes are 
pcrpcinlicular to the vertical plane at O. 

TIk; recesses at b'Jg, seen in the section at C, admit the long 
|)(iIfH, DI). These bolts are attached, as at D, to levers, sus- 
|i<in(h'd as at E, and from whose inner ends, as F, depends by 
linkn the jnle of weights, G, which contains two cubic feet of 
iron. 
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This arrangement is for use in plate mills, where two rolls 
are nsed. The bearing of the upper roll, being clamped to tlie 
bolts D, would be drawn up strongly with tlie upper roll, against 
tlie "top rider" or covering of the bearing, over the roll. 
Tliis cover is, in any case, held do^vn by powerful screws work- 
ing through the aperture 1,1'. As, then, this screw bears down 
on the rider and thence on the roll, it acts to depress the bolts 
D and raise G. 

In the rolling of rails, etc., three rolls are used, and their 
bearings are confined and their separation adjusted within the 
recesses E and E'. Owing to the immense strain to which the 
rolls are subjected, which can best be realized by observing how 
they are sometimes broken in two in spite of their great size, 
some yielding point must be provided which should prevent the 
breaking of the rolls by being a little weaker than they. There- 
fore, a piece, called a break piece, is inserted between the point 
of the screw which works through 1,1', and the top rider or 
upper bearing of the upper roll. 

The wings, as K,K', support rollers which aid in handling 
the bars to be rolled. The apertures, as A, enclose the bearings 
of similar rollers used in passing the bars through tlie upper 
rolls. 

Long rods pass through the holes at 7?,7i',7i", to couple the 
several housings together. 

Const imctian. — The scale of PI. XII. is -j^. Besides the fa- 
miliar directions to draw as much as possible from the centre 
lines, and to lay down first the main outlines, and then the 
smaller parts, the main features in the construction of this 
housing are the nice union of its numerous and crowded 
tangent arcs, and the construction of the curves as at ly. 

To secure the fii'st point, the pencilling should be constructed 
in the finest lines, with the utmost care, and without wearing 
holes at the centres of the groups of concentric arcs ; and then 
they should be followed with the utmost exactness by the pen. 

The scale of one-sixteenth or three-fourths of an inch to a 
foot is a very small one for such an object as is here described. 
Except as a test example for fine drawing, it might better be 
made on a double plate to a scale of one-eighth. 

The construction of the curves at kp is an easy application 
of the problem of two intersecting right cylinders, as wall next 
be explained. (See Fig. 2.) 
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Let ACD be the horizontal projection of the Begraents, 
AC and CD, of two vertical cylinders — analogous to MN and 
Nij in the plan, Fi*j^. 1 — tangent to each other along a vertical 
element at C. A"D"D' is the vertical projection of the same 
surface. EFD — ET' is a cylinder whose axis, EO — O', is 
perpendicular to the vertical plane, and which answers to a 
cylindrical surface having qt'q^ Fig. 1, for its vertical pro- 
jection. ACD and E'CT' are thus two projections of the in- 
tersection of these horizontal and vertical cylinders. To find 
the projection B''C"F", answering to the curves at Jco**p in 
the end view. Fig. 1, take the auxiliary vertical plane, PQP', 
perpendicular to the ground line, then any point, as CC, being 
projected upon it as at cc\ may be revolved in the are 
cc"—c'C" to C". 

In like manner, to find any points as e>"e>" in Fig. 1, assume 
0/)^ in tlae j)lan, project them upon the vertical projection of 
the same curves at o\ project them across to the end elevation, 
and there make the points r/' equidistant from the centre line 
cd'\ by the distances of the same points o in the plan, from the 
centre line nd of the plan. 

In the plate this construction is not followed, as is evident 
upon inspection, since it would be very difiicult to draw properly 
so many parallel irregular curves. Besides, it is fortunately un- 
necessary, for the true width of the housing, at any jwint, is 
learned from the plan, and the height at which any given width 
occurs is found from the i\\m\ elevation. These curves are there- 
fore drawn in CL>m]>ound circular arcs, as shown, only the ex- 
treme points, asjp and /r, being correct. 

Example XIX. 
A Passenger Car Truck, 

Description, — ^Pl. XIIT., Figs. 1 — i, represents a four-wheeled 
passenger car tnick from the Pennsylvania R. R. As the de- 
scription of it proceeds, it will be seen to l>e very complete and 
well designed, with abundant provisions for safety under all dr- 
cumstauccs. 

Premising that the same letters refer to like parts on all the 
figures, they Avill not here be rei>eated from all the fignrai for 
every part. 
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Fig. 1 is a partial plan. The right-hand half of Fig, 2 ie a 
cade elevation, and the left-hand half a longitudinal Eoction 
ihrongh the L-eutre. Fig. 3 is half of an end view, and Fig. 4 is 
a cross section showing the parts lietween tlie wheole. 

AA' is the outer side beam, and B' the opposite one. CO' is 
an inner aide beam, DD'D" is tljc end transverse beam, EE'E" 
is the sniuging bar, carrjing the brake shoes W,WW, which 
MB held fr-jm the wheels by the springs UU'. F,F'F"' is one 
of two fixed transverse beams, framed into AA', and bolted 
through C'C. GG'G"G"' is the swinging beam, resting, by 
the block e',e"'e"', on the springs JJ'J'", which bear upon the 
ttirriip board H'll'", which is suspended by tJie short diverging 
T^kB S'S',S'" fi-om the hangers R,Ii',It"'. These liangers are 
1 to the cross beams FF. 
ft'I'" i& the eqiialiKing bar, restiug on the axle boxes M,M',M", 
» play np and down in the guides LL'L". Between I' and 
e two rubber springs K',K"', kept in place by a cover /'J"" 
I step (/"ff"', notched over the equalizing bar, as at I'". 

i" are the wheels, ribbed on the back, and whose axles, 
■OO', rest in the buxes MM', PP'P" is tlie centre bearing, and 
T'T" is one of tho two opposite side bearings for the car body. 
Q,Q' is a block, which supports the iron plate PP', VW" is 
a safety stirmp for catching the brake bar, EE', in csuie of its 
breaking loose; X'X" is a similar stjrnip for holding np the axle 
in case it should break. It often consists of a simple bow of 
iron susjiended aa at o' andy*', but owing to tho weight of the axle, 
it ia here strengthened by the pillar bolts r'r'. YY' is a guard 
strap, U' keep The beam GG' from being thrust up by any oon- 
cusstou. k'h"h"' is another stirrup for catching the swing board, 
ll'll'", in case of at^t^idcnt. ZZ'Z" is part of the brake gear. 
Being drawn, as at rf, by a chain from the brake stem on the 
• platf<tmi, it obviously tends to move the joints s and t as 
11, and to draw the brake shoes W,W against the wheels. 
'a'" are snpp<irt6 for the springs JJ'. c,o' is a saddle jilate 
r which tlie truss rod hh" passes. Jck' is the king bolt which 
s the car body in place on the truck, 

I Conditiana atui JiesuU. — If the plane of the upper snr- 

e of the rails of a railroad were & jperfcct and j'crfwihj un- 

^ding one, tnie as the ways of a latlie bed, if the track were 

^ectltf etrai{fkt, and if tlie circularity and e(ptaHUj of the 

"a were perfect, the motion of every point of a car would be 
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one of perfect tranBlation, and would be as easy with no springs, 
or yielding parts of any kind in the running gear, as with them. 

Actual Conditions. — ^None of the above conditions perfectly 
exist. The actual variations from perfect circularity and equali- 
ty in the wheels are, however, insensible, compared with the de- 
fects in tlie other respects, and may be neglected. But the track, 
taking the centre line of each rail for reference, exhibits both 
vertical and lateral variations from a straight line. The former 
may, further, be simultaneous in the two rails, as in the depres- 
sion at the joints of tracks whose joints fall on the same cross 
ties, and may be equally or unequally so ; or they may be alter- 
nate, as in case of tracks, often seen at present, in which the 
joints fall on different ties, half the length of the rail apart. 

Lateml deviations may also be simultaneous or irregular, 
equal or unequal ; and in both kinds of variations there may or 
may not be, though tliere generally is, a return to the Hne departed 
from. Finally, owing to these irregularities, the surface deter- 
mined by the tops of the rails is neither a perfect nor an un- 
yielding plane. 

General Idea of Rolling Gear, — This is, to secure in all the 
yielding points of the truck easy and brief oscillations about 
mean points, so that for a given vertical and lateral unevenness 
of track, every point of the line of support, T^'P'', and hence the 
car body, shall move as nearly as possible with as pure motion of 
translation, when the track is straight, as it would do under the 
ideal conditions above stated. 

Normal Condition of Springs, — Let a sixty-seat car be loaded 
with fifty people, for example, for a given journey, and be stand- 
ing still. All the springs will then be compressed with what we 
will call their normal compression for that time. This degree 
of compression would remain constant under the ideal conditions 
already mentioned. 

Action under Actual Conditions. — ^The car body rests on the 
swing beam GG'G'', at the three points, P'', and the two of 
which T'' is one. This beam rests on the springs, J, on both 
sides of the truck ; and tliere, on the swing board, H'll'", which 
hangs by the links, S', and hangers, R', from the cross bars, 
FF, of the rigid frame of the truck. This frame rests on the 
four rubber springs, of which K' is one ; these upon tlie equaliz- 
ing bai-s as I', and these, finally, on the axle boxes, MM', which 
bear upon the tops of the axles 00'. The last are a final rigid 
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support, beiiig practically wlid with the wlieela which roll upon 
the uuck. 

Ifow let y«, Fig, 2, be the tc'-p of a i-all depressed at the joint 
q by the distance 7/171. exaggerated for illusti-atioii. When a 
train is at full speed, the point at n of the wheel is going hori- 
zontally, at from 40 to 70 feet per second. Hence the rise, inn, 
is practically instantaneous, and nearly the t^ume k3 if the wheel 
wero thrnsl np the same ilidtanc© by tlie impact of a violent 
Mow from below. Then, when n' thus instantly nses, a small 
distance ; M', and the end of the bar I', rise the same distance, 
which cfiiupresses the spring K'. Now, if the force and quick- 
ness of the rise are no more thaw enough to compress the spring, 
the truck frame, AA', tfcc, will be midisturbed ; but if the up- 
ward action lio not all taken up by the spring, the trnek frame 
will \ni raised by the excess of that action, and will, through 
KR' and S', draw up the swing-board II'IT'", and compress ^e 
steol springs .TJ'. If, also, this excess of upward action be not 
all spent on the springs JJ', the swing-beam, GG', and the car 
body will be raised a little. 

We now see that with no springs tlie car body would sensibly 
be raised as far and as suddenly as tlie wheel at )('. But with 
springs, if lifted at all, the motion will be comparatively easy 
and gi-adual, through the gradual action of the springs, in their 
compression and expansion, till again in equilibrinm. 

Let us now consider the effect of lateral shocks. A sidewise 
lorcb uf die truck to the left, for example, will carry all its 
rigid iwrts, A'''R"'r"', etc.. Fig. 4, to the left This will carry the 
points of suBpeusiou, m, of the links to the loft, which will make 
the left-hand link more vertical, and tlie link S'" more oblique 
tha.n now. Equilibrium will thus be destroyed ; and the links, 
in coming to equiliijrium by returning to an equal inclination 
> a vertical direction, will carry II'", and witli it the spiings 
F'", and tlie swing-beam G'", and car body. 
■ Trucks are very often made with the top of G'" no higher 
1 the top of F'", and witli the links S'" then swung from an 
a resting on top of rF.F'F'", and reaching from that to o'". 
a such a case, the links are usually vertical, also ; so that tlie oa- 
Istions would be slower, by reason of the length of the links, 
t longer, owing to the less upward component of motion in 
u of lunger radiui>. Tlie shortness and convergence up- 
I of the links in the present design would, we should 
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think, make the truck quite stiff, though properly so, in respect 
to lateral oscillation ; and not too much so for a smooth aud 
firm track. 

This descriptive statement of the theory of the four-wheeled 
car-truck is all that could well be given, for tliere could hardly 
be a clearer example of a piece of mechanism whose pro{)ortions 
must be determined experimentally, since the numberless varia- 
tions in the intensity and direction of the forces applied would 
seem to make a mathematical, that is, an exact ^uuntitative 
investigation imprissible. 

Six and Eirjht-wheeled Trucks. — The idea of both is the same, 
\iz, : to secure a perfect rectilinear motion to the car-body, by 
having all the irregular whecl-moticais occasioned by the track 
taken up within the truck itself. In the eight-wheeled truck a 
heavy intermediate timber frame, or carnage, rests on two com- 
mon trucks, and the car-body on the middle transverse line of 
this carriage, where there is alm<:)8t no jarring motion. In the 
six- wheeled truck the same end is not quite so fully accomplish- 
ed, since there is one rigid frame as in the four-wheeled truck, 
and the intennediate carriage is shorter ; but there are two 
swing-beams, one on each side of the middle pair of wheels, 
and a small carriage-fi-ame rests on tlie two beams, while the 
car-body rests, as before, on the transverse centi-e line of this 
carriage. 

In respect to these trucks, it may be said that, though a per- 
fect track costs a good deal, yet the difference between that of 
a smooth and a rough one may be small, as compared \oith the 
cost of either, and the extra cost of compound trucks, at first, 
aud for repairs, and of tlie extra viotive power requii-ed to 
transpoii; them, might go far to cover this difference. 

Car Cross-sections, — While on this subject, it seems appro- 
priate, from association, to mention two great points of car- 
moving economy, one of which seems to be more and more 
overlooked. These are, the steadily increasing size of the 
cross-section of the car, and the distance between the cars. A 
part of the needless extravagjince of the times is the indiscrimi- 
nate carrying of the luxury of high rooms to live in, into 
vehicles to travel in, as if travelling about were tlie normal 
condition of one's life ; and forgetting the needless and great 
waste of means in dragging 100 square feet of car end, includ- 
ing truck surface, at 40 miles an hour through tlie air, when 70 
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ronld do just as well, and affonl every essential i^iiiiif ort. Side- 
dnttrs <>]>eii\jig ouheard are dangeroiia; in one way if locked, 
and iti anollier, if unlocked. If opening inward tlicy waste room. 
Fleiieo, end-doora and the centre-aisle aeeni beat, as well as 
hanUy to be dispensed with, aa affording the comfort of a free 
inside pasaa^re through the train. But, observing tliat perhaps 
k)re travel singly or in threes than in pairs, cars might be bet- 
IP JUIed, as well as economically narrowed, by having a row of 
"e Boats on one aide of the aisle. Then, as to ?ieight of car, 
D lifts not felt cold feet while the tbennometer wonld be at 
° to 110°, at the ceiling of a car TJ or 8 feet high ? Let the 
r be heated by water-pipes at the passengers' feet, and com- 
Z from heaters under, or in open-screened compartmenta in 
I end of the car; and, with snitably screened ventilatorg, 6^ 
t would he high enough for a car inside. Thus, the crosa- 
Ition of tJie car-body might be reduced to only about 60 
tare feet ; which is a great matter, when it is considered tiat 
It resistance of the atmosphere exceeds the snm of all other 
ietauces on a level, at speeds of 30 miles an hour or more ; 
I tliat it increases at least as the square of the velwity of the 
■in, BO as to be_^wr times as great for twii^e the velocity, 
i&gain, when the space between the cars is equal t^i the width 
[Hie car or more, the resistance of the atmosphere to each car 
■ the first one, is from seven-tenths to nearly as great as 
B to the first one. Hence, the platforms should be enclosed 
■ painted canvas, or by permanent walls, with end and side 
prs, the latter to be opened just before arriving at stations by 
\ train operatives. The car ends, having also suitably adapt- 
■couplings, might be thus not more than one foot apart in- 
1 of eight or ten as now, and with great economy of power. 
"he same saved by these arrangements being spent upon the 
JdIc, fencing and flagmen, the increased smoothness and safety, 
[ether with the diminished train-surface exposed to air-resist- 
luld allow increase of speed without increase of cost 
■ present results; and this, by saving time, wonld be real 
momy, inasmuch aa trains and travellers are nnt producers. 
deduction of Car Weight. — Once more, we must mention the 
dead weight of train, including the engine, fop each 
(enger, even of a fully filled train. This weight is not far 
I 3,500 pounds per passenger. To materially reduce this 
fct power-wasting excese, it may be best to return to an 
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essential feature of Nature's works ; since the more truly they 
are iniitated in man's constructions, the more perfect the latter 
will be. This feature, or principle, is, that Nature's great con- 
structions are aggregations of many small ones, in the form of 
minute cell;^. 

In other words : component parts should be s^nall and hoi- 
Imo, Applying this principle to a car, its frame might well be 
composed of sheet-iron cell-work, prismatic or cylindrical. 
Applying it to the train as a whole, the superior strength of a 
small cell, to a large one with equally thick walls, would point 
to the adoption of small light cars, or of numerously paititioued 
large ones. 

As tlie enormous dead weight of a train is bodily lifted 
through the vertical height of every gradient on the line tra- 
versed by it, while friction is the only car resistance, on a level, 
it may well repay railroad companies to make ample experi- 
ments, founded on these considerations, Avith a view to the 
greatest possible reductio7i of car-weight per passenger. 

Construction. — By an oversight, the horizontal heavy lines of 
the plan were placed on the lower edges of the several pieces of 
the truck. This is the English fashion, but it supposes two dif- 
ferent directions of light, one for the plan and another for the 
elevation. 

The circles with cross-marks in them are washers, with nuts 
only indicated, not shown. 

If desired, the scale could be enlarged to one inch to one 
foot, and the cross-section could be placed side of the end view, 
to facilitate its construction. 
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CLASS n-RECEIVERS. 

67. In any machine there is a piece, which is the first in the 
order of mechanical succession^ it being the one to which the 
motive-power is first applied. Such a piece is called a re- 
ceiver. 

In a vast number of instances, the receiver is a band-wheel. 

When many machines, as the looms of a cotton-mill, or the 
lathes, planers, etc., of a machine-shop, receive their motion 
from an overhead line of shafting, wliich constantly revolves, 
it is important to stop any one or more of those machines 
at pleasure, without compelling the rest to stop. For this pur- 
pose, the band-wlieel receiver is double, that is, two equal band- 
wheels play side by side upon the same shaft ; but one is fast to 
the shaft and the other loose, so that when the band from the 
overhead pulley is sliif ted to the loose pulley, the machine stops. 
In some cases the fast and loose pulleys are on the line of shaft- 

Another very common form of receiver is a jpiston^ whether 
in steam, gas, air, or water engines. 

Other forms of receivers are named in the general table. 

A— Point Receivers. 
B — Line Receivers. 

Of these it has not seemed necessary to present any figures. 

C— SURFACE RECEIVERS, 
a— Plane Receivers. 

Example XX. 

Locomotive Piston with RotKs Steam-piston Packing. 

Description. — This piston-packing, PL III., Figs. 4 — 8, is made 
to pack the cylinder of any engine, or pump, uniformly, and no 
more tightly at any given pressure than is necessary ; creating 
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little or no friction. It embraces certain novel improvements 
in that class of packing for pistons, which is composed of me- 
tallic sections, fonning, when put togetlier, expansible rings 
which arc applied within annular recesses, formed in the cir- 
cumference of a piston, so that when acted upon by steam, the 
sections of a ring will be forced out against the inner surface 
of the cylinder and thereby pack the piston. In this class of 
j)i8t()ns, the steam acts upon the packing from the inside out- 
ward, provision being made for the passage of the steam into 
chambers fonned on the piston, and thence through an outer 
ring, which receives the packing-rings. 

The nuxin object of this invention is, to construct and apply 
socitional packing-rings to a piston, so that advantages shall be 
secured superior to those heretofore attained in that class of 
pistons which have their packing expanded by steam. 

Another object of this invention is, to provide, in horizontally 
working pistons, against an unequal wearing away of the same, 
by the application of an elastic plate to that part of the piston 
which slides on the lowest point of the interior of the cylinder, 
which plate comj>ensates for the extra wear caused by the 
weight of the piston. 

There have been in use many patent piston packings, that 
have j>r()vcd to be in some cases superior to tlie ordinary metallic 
j>acking, in so far as tliey have saved labor in packing the piston, 
in otlier cases they have proved to be inferior to the ordinary 
packing, particularly when an engine has been run to its full 
capacity. Tlie reason of this is, that in all such pistons the 
whole inner surface of the piston is exposed to the pressure of 
Btoam in tlie cylinder, and this high pressure causes too much 
friction, consecjuently wearing away the cylinder and packing- 
rings unnecessarily fast 

Some kinds of packing-rings are in sections, which adjust 
thcnist^lves to the inner surface of the cylinder at a very small 
pn»Hrture, but at a pressure of frtmi 100 to 150 pounds to the 
Hqiiare inch cause so great friction as to waste, it is said, from 10 
to *J() per cent, of the jxnver of the engine. 

In other cases, where the packing-rings are cut only once, 
llioM* rings have to be tolerably thin, so as to spring out to 
I III' inner surface of the cylinder, at ordinary pressure, and 
n!'«« therefore easily bri>ken in case there are any flaws in 

tlllMU. 
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In almost all such pietoiiG there is a Bolid, or uncut gnido 
ring, which has to be fitted as nearly as posBible into the cylin- 
der ; hnt in horizontal- working pistons this ring wears more or 
less on its lower side, and, in course of time, throws the pistmi 
out of the centre of tlio cylinder, which causes an uneven wear 
to tlie pieton-rod, stuffing-box, guides, and cross-bead. All these 
evils are avoided in this piston, thus : — 

1st. Tlie rings are very strong, much broader, aud have only a 
small part'of surface of the packing rings exposed to tbe steam 
(water or air), 

2d. fiy a peculiar and simple contrivance, when an engine is 
mniiing witJi steam, the pressure on the lower part, between 
the piston and part of the packing, causes the piston to balance, 
or force it somewhat off tlie bottom of the cylinder. When 
st«nni is shut off, an elastic plate on the bottom of the piston, 
wliich is pressed out by a spring or set screw, or both cuiiibined, 
answers the same purpose. 

The packing rings are cut in not less than three pieces, bnt 
I ,&ia depends upon how true the cylinder is. When the packing 
WJb pat into cylinders that are out of round and not parallel, it 
1*^38 better to cut the rings into more pieces, that they may adjust 
beniselrea better to the irregular form of the cylinder. 
Sd. In locomotives rimning with from 100 to 150 pounds of 
»m, and whose cylinders are true, (uie-cighth inch steam 
ing under the packing rings is all-sufficient; on worn 
tylinders one-fourth to threo-eightlia of an inch may be neces- 
FBary at first, afterwards it can be reduced to one-eiglith and less. 
I'The surface of the rings tiearing against the surface of the 
r cylinder can be <:|nite broad ; the frictiim will be no more, and 
PiHiey last longer in proportion to their width. Tlicse rings must 
~ B fitted very closely, and must not have more play than will 
mit tliem to barely move between spider and follower. 
Fig. 4 is a section through the axis of the piston rod. 
, Fig, 5 is an end view of the piston, with the follower 
moved. 

Fig. rt is a diametrical section through the central ring. 
Fig. 7 is a central section through central ring, perpendi- 
alar bo tbe axis of tlie cylinder. 
[ Fig. 8 is a diametrical section through packing rings. 
J A and Ji constitute the body of the piston, A being the 
P^ider," and B the follower, which parts are constructed and 
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bolted together in the usual manner, as shown. When these 
two parts are bolted together, they form an annular space 
between their flanges for the reception of the central ring 
C, which is supported by the ends of i-adial arms of the portion 
A^ so as to lap over the joint of the two parts AB^b& shown in 
Fig. 4, and tlius prevent the entrance of steam in the body of 
the piston. This ring, (7, is fitted so as to be steam tight and 
immovable, when screwed between the spider A^ and follower 
B. The ring, (7, has a central rib which leaves on each side of 
it an annular space for receiving the expansible packing rings. 
This centre ring, C, forms one side for each expansible ring (the 
inner side), the other side being formed by the circular flanges 
of the piston as shown in Fig. 4. The inner comers of the 
circular flanges of the piston are bevelled as shown at aa for 
receiving the cori'esponding bevelled surface of the packing 
rings iJ, portions of which are closely fitted within the annular 
chambers above described, so that their circumferences project 
a sliort distance beyond the circumference of the piston. The 
packing rings hb are made up of segments or sections, and are 
held out, so that their outer surfaces press gently against the 
iniu?r surface of the steam cylinder, by means of springs oc, the 
cMidrt of which are bent outward, as shown in Fig. 5, so as to act 
upon the end4i of the segments 55, and thus to keep the ends of 
nil the segments snugly together, except those segments between 
which the springs are bent outward. These springs, oc, not only 
act to expand the sectional packing rings, but they also operate 
to krcp the ends of tihe sections together so as to form tight 
joiiitH. To prevent the entrance of steam within the chambers 
lintsvMHMi the sections, 5, and the flanges of central ring C', there 
iii'o i'<'('<'rtH(^rt in the ends of those segments which receive the ends 
of tJH^ springs, cc^ and, inserted into said recesses, short pieces, 
(/, which break joints with the joints of said segments. Tlie 
MC/.niM'iitH (1 may be screwed, or riveted to the segments 5 on 
\\\\\y Hi<lc» of the joint. For horizontal working pistons, where 
the* weight of the piston is supported upon the lower inner 
wni'fiH'** of the cylinder, there is a segment, g^ which is inserted 
hito li roctwH formed in the ridge of ring (7, and acted upon by 
II n|irlfi^ or H(»t screws, w, or both combined, which supports, or 
niMirl.v HUpporti^, the weight of the piston upon said piece g. 
ThU ph'co, I/, may be made of hard brass or any other suitable 
\w\\\\t imd aH its outer surface wears away, the spring will 
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force it ontward, or, from time to time, it can be set out in proper 
plaoe by set screws, m. bo that the axis of the piston, and axis of 
the oylimler, wittin which the pist^m works, will always 
wiiicide. This will prevent the piston, Btiiffiiig bos, and its 
rod, from wearing untrue. Wiere the weight of the piston is 
supported by the piston rod, as in upriglit cylinders, the piece 
ff, with springs and set screws m, can, and should be dispensed 
with. It will be seen by reference to Fig. 4, that the cir- 
cumference of the pacting rings projects sufficiently beyond 
the circumference of the piston flanges, to allow steam to paas 
those flanges, and act upon the projecting bevelled surfaces of 
the [lacking rings, and expand them against the surface of the 
cylinder with a pressure commensurate with the force of steam. 
The springs, (V, are designed merely to keep the packing rings 
expanded and in position to be acted upon by steam, and 
forcibly expanded thereby. This invention is not confined to 
eteam engine pistons, as it is applicable to pistons for air and 
water engines. The segments b may be made rectangular, or 
of other suitable shape, in cross section. 

Conatruation. — 16 ina. may be assumed as the diameter of 
B piston, and it may then be drawn on a scale of ou^sixth, 
lowing a little more than half of Figs. 5 and 7. 



ExAsirLE XXI. 



Thirty-mx and Fifiy-f&u 



■wh Pistons. 



Deeanptiiyn. — Li PL, SH., Fig. 1, R represents a vei-tical sec- 

of a piston, with partly spherical njiper and under surfaces. 

[1 of its horizontal sections being circles, a plan liew of it 

nild easily ho added, to make a separate example. 

PI. TV., Fig, 3, represents a fifty-four-inch propeller engine 

iteton ; hQh is half of the part called the " spider^'' and 

"'A'K' a vertical section of it on KII, so that all below A'B', 

:cept E'/ff)' and F'G', should be filled with shading lines. 

"le correspondence of the lettci's will show the relative ticights 

the different points above K'e". Thus, the tops r.f the amia 

|pid rim, h, ae, k, are in the plane, D'l', LM is the c<yv^ 

liich closes on ^1 the spider, its under face resting on the plane, 

't'. The bore for the piston rod is slightly conical. 
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In the annular space, II'G'I', between the spider bottom and 
the cover, is inseiled the packing. Fonnerly tliis consisted of 
two or more nngs cut once or more, so as to be adjustable to 
the inner surface of the cylinder, and breaking joints, so that 
the cuts not lying together, steam could not pass through them 
from one side of the piston to the other. These rings were then 
set out by springs, bearing on the inside of the rings, and 
i«resse<l ajrainst the rinirs bv screws bearinnr at their inner ends 
jigainst some of the unyielding pails of the piston. 

At present stenm-picking is very generally used. In this 
example, OO' is a pai-t of the skeUtmx ring, resting against 
the outer ends, IJ, of the spider arms, n'n! ; n, N shows the 
packing itself , consisting of two rings, of which the inner one, f" 
square in section, fits \vithin the other, as at 7^', ti". Shallow cuts 
filed away, as aty, admit the steam over the edges of the piston 
body, which does not quite fit the cylinder, into the space be- 
tween the skeleton ring, O', and the packing. Steam can also 
1)6 admitted through small holes through the piston bottom and 
cover, near their edges. 

Const?* uctio?i. — A larger section of the packing, on a scale of 
^ or J, might be made, including the adjacent parts of the 
piston body. 

b — Developable Receivers. 

Example XXII. 
A Fouriieyron Wheel Plan, 

Desc^ription. — Tliis example, PL lY., Fig. 5, does not include 
the finished wheel, but only what is most essential, ^^z. : the 
laying out of the bucket and guide curves, as seen in plan, 
where their true curvature is sllo^m. O, near the bottom of 
the plate, is the centre of the wheel, whose extreme radius i» 
40^ ins. ; radius to outer ends of buckets, 49 ins., and to their 
inner ends, 40 ins. There are 44 buckets, %\ ins. apart at the 
outer edges, and /^ of an inch thick, made of polished Bussia 
iron. 

The wat^r enters the wheel from above, through a trunk of 
nearly the same diameter as the inner mdiusoftlie wheel, filling 
the guide channels, and issuing thence against the bucketB, and 
producing rotation in the direction of the arrow. As the wheel 
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gives way by its revolution from before the water, the latter 
does not bend round and run out as if in a fixed channel, AGBE, 
but goes directly on, as indicated, in a general way, by the lines 
KM and AN, carrying the bucket with it, and hence the wheel. 
Still, as a particle of water, relatively to the bucket, follows its 
curve, AFB, the form of the bucket is not a matter of in- 
difFerence. 

The guides are fixed, and their number somewhat arbitrary, 
but usually taken at from half to three-fourths the number of 
buckets. To avoid the injurious pulsation which might follow 
if many guide edges should coincide at once w^ith bucket edges, 
it is doubtless best to have the bucket and guide numbers prime 
to each other, that is, with no common divisor except 1. 
Hence we have proposed 31 guides to 44 buckets in the present 
example. 

The regulating gate is a vertical thin cylinder, which shuts 
vertically downwai'd in the annular space, HG, all around the 
Avheel, between it and the guides. Water, therefore, enters 
the guide passages throughout the entire circumference of the 
guide case, deducting only the thickness of the guides them- 
selves ; while in the Jonval wheel the guide openings, as they 
would be, without a gate, are half closed by the gate. This, how- 
ever, is not an essential point, for in both cases water issues 
against the bucket from the entire outer circumference of the 
guide case, with the above deduction, and the whole structure 
can be designed with such dimensions as to give any desired 
area of guide opening. 

Construction, — With a scale of one-tenth^ describe the princi- 
pal circumferences with the dimensions given. The circum- 
ference containing the bucket ends, divided by the number of 
buckets, will give the distance BE. The shortest distance, EF, 
between the buckets being fixed by the designer, the following 
fonn and construction has been proposed : Put EF=a, and the 
thickness of the bucket=J. Make BC=6a, and draw the ra- 
dius, CO, to determine A, the inner end of the bucket. Draw 
AD, tangent to the circle OA, and the arc E-F, with a radius 
equal to a -f J. Then the direction of Ba must be found by 
trial, so that AD being marked on the edge of a slip of paper, 
shall be applied with D always on Ba, and the segments te^ or 
rF, etc., constant and equal to BD. aBO may vary from 10° to 
12^. Otherwise, alter tlie length of BC. The curve thus pass- 
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ing tlirough AeS, etc., should be joet tangent to EF, and will 
be the inuer face of the bucket If it be not bo, aseaiue a 
new poeition for Bo, 

For the guide curves, describe the arc, K— ^ with the least 
oiwniug of the guides for a radius, and Hg with double this ra- 
dius. Then describe Aff, through h, and tangent to the two ares 
just noted. This can easily be done by trial ; determining the- 
centre P (in Fig. 3). This gives the essential portion of the 
guide curve. The remainder, jfi, is drawn from any cohtb- 
nieut centre, as Q, such that gi:, produced, would pass through 
the centre, O, of tJie wheel. 




The centres for all the other guide curves corresponding 
with Aj will be on the circle with radius OP, and thoee for the 
curves of which g& is one, will be on the circle with i»- 
diusOQ. 

The above figure, 21, will give a sufficient idea of the general 
ai-rangemeut of parts. A is the wheel plate, keyed to the shaft 
G, by a collar B, and hearing the vertical buckets, E, on its 
outer rim, CD is the fixed guide bottom, carrying the guide 
curves, of which HID represents one. F is a fragment of ibe 
tliin cylindrical gate, shuwu partly open, which lifito out of the 
auuulur epaco between the guides and buckets, and admitB the 
water from above through the trunk, to the guides, and i 
through tlie buckets oa shown by the arrows. 
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o — Warped Receivers. 

Example XXTIL 

A JoTwal Tu7*bine Wheel and Bucket. 

58. Introductory JExplanations. — ^Water wheels may be claa- 
sified as vertical and horizo7ital. The former have hoy^izontal 
axes ; the latter, as in the last example, have vertical ones. 

Vertical wheels are overshot^ undershot^ or hreast wheels. 
These are so generally figured in the elementary books, or ex- 
emplified along many mill streams, as not to need- illustration 
here. Overshot wheels are those to which the water is delivered, 
at or near their highest part, into trough-shaped buckets, deep 
and narrow, so as to retain the water longer. It escapes at or 
Dear their lowest line. Thus all the buckets on one-half of the 
vrheel are loaded with water, the unbalanced weight of which 
causes it to descend, and the wheel to revolve. 

Undershot wheels are like the paddle wheels of a steamboat ; 
armed with floats at the circumference, parallel to the axis, so 
as to be acted upon by water mpidly running against them. 
They of course utilize but a very small part of the power of the 
water, but can be improved by curving or inclining the floats 
up stream. 

Breast wheels are those to which the water is delivered at or 
near the height of their axes. They may have buckets like an 
overehot wheel, or floats like an undershot, but moving with 
their outer edges very near to a curved apron of wood or stone 
closely conformed to the curvature of the wheel on the lower 
descending quadrant, so that the floats will partly act as buckets, 
to retain the water. 

With a low fall of water, a long breast wheel may be better 
than an overshot of diameter equal to the height of the fall, 
since its longer diameter may enable it to retain the water 
longer. 

The principal horizontal wheels are turbines. They work 
under water upon a vertical axis. 

The power given out by a wheel, other things being the same, 
depends on the quantity of water which it can dispose of. Ac- 
cordingly, turbines, being small, usually revolve with a very 
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high velocity, while the ponderous overshot wheels revolve 
slowly. 

Again, for practical purposes, turbines may be distinguished 
as cheap and empirical ones, arranged according to partly fanci- 
ful notions, perhaps, of their designers; and costly highly 
finished ones, carefully modelled in every part by the results of 
the soundest theory and most decisive experiments. Of the 
latter class, in this country, are the Jonval Turbine, in the form 
known as the '* Collins wheel," made at Norwich, Coim., the 
Fourneyron Tui-binc, as arranged in the " Boyden wheel," and 
made at Lowell and Chicopee, Mass., and elsewhere, and the 
Swain or centre discharge wheel ; also made near Lowell. All 
of these wheels are so good as compared with many empirical 
wheels that we should not here wish to discriminate between 
them. There is only room to partially illustrate them ; but the 
main difference l)ctween them will be well understi^id by ob- 
serving that, in the " Jonval," the stationaiy guidi'^"^ are cdnyoe 
the buckets, the bucket face is a warped surface whose recti- 
linear elements are horhontal and radial^ and the water is dia- 
chiirgcd on the under side of the wheel in a stream of tlie radial 
width of the bucket, whereas, in the " Fourneyron," the sta- 
tionary guides arc witliin the revolving part ; the buckets are 
vertical and cylindrical, with their rectilinear elements parallel 
to the axis of the wheel, and the water is discharged horizontally 
at the peri])hery of the wheel : and, finally, in the " Swain" 
wheel the guides are radially exterior to the buckets, and the 
water is discharged underneath, and around the axis. 

There are, then, briefly, lottoin discharge, late^Hil discharge, 
and centre discharge wheels ; and these are the three radically 
different kinds. 

DcHcnjttion. — PI. XIV., Fig. 1, is a verti(*al section of the 
wheel, and Fig. 2 a side elevation, showing tlie general arrange- 
ment of parts verj' nearly as in the proi)ortious of a two and a 
half f(H)t wheel. A A is a sectiou of the wheel, with the posi- 
tion of the top and bottom edges of buckets. It is keyed to the 
vertical shaft ST. A' A' are developments of sections of buckets. 
BB are the guides, and B'B' developed sections of them, show- 
ing them to be hollow to prevent the injurious eddjnng of .the 
water which might occur if only eo were the wall of the guide. 
CCC is the gate, which consists of radial bars, CC, as long as the 
buckets are wide, alternating with the openings C'C. 1^6 gate 
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thos is essentially a circular plate perforated next to the circum- 
ference and turning around the shaft. Such a gate might be 
thought to interfere with the proper flow of the water, but the 
perpendicular width of guide opening at R is so much less than 
at ee that half of ee can be taken for a gate bar without inter- 
fering with the best form for the vein of water flowing through 
the guides of the wheel. DD is the lighter plate made fast to 
the shaft By receiving a part of the upward pressure of the 
water confined in the penstock, F, it relieves the footstep, E, and 
bridge, M, from a part of the weight of the wheel. The foot- 
step, E, is of lignum vit«e. a« is a loose collar around the shaft 
to shut out water from the interior space WW . hh is the in- 
terior loose gland ring for the same purpose, and thus the two 
prevent the water pressure from acting on the wheel centre, or 
plate, PQ. This plate has openings, through wliich any water 
which may leak into the space WW may escape, dd is the loose 
gland ring for the lighter plate, to prevent water from escaping 
there. The exterior loose gland ring, cc, is the one in which 
the wheel runs. It prevents the escape of the water from the 
guides and wheel, into the case without. 

G is the cast-iron mouth-piece, and H the water trunk, through 
which, and the penstock or chamber F, the guides B, and wheel 
A, the water flows, as indicated by the arrows. But observe 
that as the buckets A' are driven by the water rushing through 
the fixed guides B', the water current is not really bent as indi- 
cated by the arrows on the bucket sections, but passes straight 
on, carrying the wheel circumference with it, as indicated ap- 
proximately by the lines HE'. J is the upper bearing for the 
wheel shaft K the gate shaft for turning the gate, and L its 
packing box. WS are the wheel and guide cases, and the whole 
is supported by the standards, O, in the bottom of the wheel 
pit. 

Construction. — As nearly all the principal parts have circular 
horizoiftal sections, a plan could be constructed with sufficient 
completeness from the elevations. 

Where so many thin sectional surfaces occur, it would be 
well to tint them instead of putting in so many short section 
lines. 

A detailed view of the buckets is given on PL F^^., Fig. 4. 
Tliis figure was made from an actual bucket, but of an 
abandoned form. The great rapidity of motion of the wheel, 
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and of the water flowing through it, causes the form of the 
bucket to be a very nice matter, so that we would not, if we 
could, give any improperly exact information concerning it, 
which had been obtained by long and costly experiments. The 
drafting operations of laying out a bucket are, however, fully 
shown. 

The face of the bucket of a Jonval turbine consistfi of two 
warj^ed surfaces, meeting in a common element, asjpy. The lower 
surface, THp'q\ or cdeg — cd'eg\ is a portion of a right hdi- 
coid — the same as the screw surface of a square threaded screw 
— and has for its directrices, the central helix, CE — C'E', and 
the vei-tical axis, at O, of the wheel. The upper surf ac^e,^/^XY, 
or egha — e'gh!a\ is a portion of a conoid^ whose directrices are 
the central curve, EA — E'A', and the axis of the wheel, as be- 
fore. The elements, as rs ; eg — e'g ; XY, etc., of both of these 
surfaces are horizontal, when the wheel is in position, having 
the horizontal plane for their plane director. Whence we have 
the following construction : With centre O, and the assigned 
radius, = r, describe an arc, CB, of the phm of the raid-line of 
the buckets, and wheel. We suppi^sc the angles DC"B" = m, 
and D AF = n (where FA" is horizontal), at wliich the water best 
enters and leaves tlic wheel, to be determined by investigation. 
Also, let the height, A"B", of the wheel be given. The de- 
veloped length, C"B", of the buckets, may then be found thus: 
C"Q, the horizontal distance fi-om one bucket to the 

2?rr 
next = - — , where /I = the number of buckets. Draw GE" per- 

n ^ 

pendicular to C"E", and prodmie it. Draw E"A", making 

QE"A" = — ^ — . Then the perpendicular, DQ, tlirough 

the middle point of E"A", will meet GE" at Q, the centre 
of the arc E"A". 

r^t m = 25°, though it may be less than 20°, let n = 100", 
and B"A" = 8". Having assumed C"E" to be straight, it be- 
comes the development of a helix. Therefore, dixide it equally 
at pleasure, j^roject its divisions on C"B", and transfer them, 
in ord(?r, to CA in plan. Through the points, as ;?, thus located 
on CE, draw radii from O, which will be horizontal piv)jection8 
of elements, limited by the inner and outer circumferences, 
OA and O//, of the wheel. Then pn>ject up m and t to* meet a 
horizontal line from m", and m'x will be the vertical projeotioii 
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of the backet element mi. In like manner, we find other 
points of the front and back curves &ea' and d^ff'h' of the 
backet 

A'TE'' is simply a circular arc, tangent to A''D'' at A" and 
to C'E'' at E'', and hence DE'' = DA". Having drawn the 
arc A'^E", proceed as before to find ea — ea\ etc. 

The flange E'S'Mlf' is for the purpose of fastening the 
backet to the rimjpj', PL XIV., Fig. 1, of the wheel, while the 
ear a'k^ stiffens the outer comer of the bucket. 



d— Double Curved Reoelvers. 



Example XXIV. 
The Swam Central Discharge Water-wheel, 

Description. — The following abridged description and figures 
are, by pennission, from a paper by Hiram F. Mills, C. E., in 
the Journal of the Franklin Institute for March, 1870 : — 

The central discharge iron wheel, known as the Swain wheel, 
has been in use in various parts of New England for several 
years, and has been justly gaining a reputation for good con- 
struction and efliciency. 

Plate XV. represents a vertical section thi'ough the centre of 
the wheel and curb, and a plan of one-quarter of the buckets 
and guides, and a development of a portion of the outer surface 
of the wheel. 

A flume, 6 feet wide and 6 feet deep, leads the water from 
a canal to the wheel. It enters the forebay, 6 feet square and 
19 feet deep, from the side of which water is conveyed to the 
wheeL 

The wheel-pit, upon the floor of which rest the cast-iron sup- 
ports of the wheel and its case, is 14 feet wide, and 20 feet 6 
inches long, with sides 5 feet high. 

The cast-iron supply-pipe and the quarter-turn, D, Fig. 1, are 
4'98 feet in diameter inside, and the radius of the central line 
of the latter is 3-75 feet. The former is 1*45 feet in length, 
and is firmly bolted to the side of the forebay, at AB. 

The quarter-turn is bolted to the supply-pipe, and is supported 
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by the cast-iron case, C, which enlarges to have an internal di: 
meter of 6*98 feet. This case extends to a short distance belo 
the bottom of the wheel, and is supported by six hollow 



iron columns, Y, 1*5 feet long, 0-8 feet wide radially, and 0- — 
wide tangentially, and presenting acute angles to the escaping i 
current. 

The columns also support the cylindrical disk E, which si 
rounds the lower half of the wheel, and upon the outside 
which the regulating-gate, O, slides; and by means of 
supports, one of which is represented at F, they sustain 



annular chamber G, also the disk H, wliich cover the whe^^^ 
the lower shaft-coupling, and the step ; and the shaft-pipe, ZZJ 
which extends from the top of the disk thi'ough the upper paxrf 
of the quai'ter-tum. 

The disk K, cast with the six supports of the case, sustains 
the step of the wheel L, and the main shaft M. 

The step L, of white oak, is a cylinder, 7 inches in diameter, 
terminated at top and bottom by cones, and having an extreme 
length of 8 inches. It is free to move with the shaft-coupling, 
or the latter may move upon its upper surface. 

The step is always submerged, and to maintain its surfaces in 
as g(K)d a condition of lubrication as possible, several vertical 
holes are bored through it, and filled with a fine quality of 
plumbago. 

By means of the set-screws N, the wheel may be adjusted to 
the proper height. These screws are reached through hand- 
holes in the curved disk H, wliich connects the wheel with the 
shaft. 

The regulating-gate, 00, is represented as fully open. It 
consists of a cylinder of cast-iron, 7^ inches long, 3'51 feet in 
diameter inside, ha\'ing at the bottom a narrow flange, against 
wliich a ring of leather packing is held by means of bolts and 
u (!afit-iron ring, by which leakage under its lower edge is pre- 
vented, and at the top, cast with it, and making an angle of 
about 80°, is a broad flange extending outward 7i inches, with 
an ed^e turning downwards. 

Tliirt flange serves as the lower disk, limiting the stream of 
wiil(^r (entering the wheel, and into it, projecting vertically from 
\ti\ u|)per surface, the guides PP are cast. 

Tli(M-e are 24 guides, 21 of which are straight plates of 
wrought-iron -j^ inch thick, and lOJ inches long, having each 
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aitre of the shjift is 1S35 feet, and they are distant radially one 
'i from the outer edge of the buckets. Their direction makes 
igle of ^2°, with the tangents through their inner edges, 
( remaining three guides are of cast-iron, of the form 
icnted in plan at O in Fig. 2. 
Through these guides pass the three wrought-iron rods, ad- 
jacent to the supportB, F, and by wliich the gate is raised aud 
lowered. Two of these are represented at R. They extend 
from the under side of the gate flange through stuffing-boxes in 
the npiier part of the quarter-turn, and terminate in racks SS, 
into which work the pinions TT, which are driven, through tlie 
action of the wonn U, l»y a crank. 

When the gate is raised, by which movement it ia also closed, 
all of the guides rise through slot* iu the upper disk, which 
Uinits the stream approaching the wheel, and which is similar 
in form to the lower disk already described ; and are enclosed 
iu the guide-chamber G. By this arrangement the stream pass- 
ing between the guides is decreased in height in proportion to 
the doeiiig of the gate. 

The wheel, W, has an extreme diameter of 42 inches, and an 
extreme height of 15J lucheB. It has 25 buckets of wronght- 
jron, J of an inch in thickness, which are formed in a die, aiul 
are cast into the upper disk aa, which forms tlie ci-owu of the 
wheel, and into the band M, which surrounds the lower part of 
tlie buckets for a height of 842 inches, leaving, between the 
top of this ring and the under side of the crown, a space 5'35 
inches high, through which the water enters the wheel. 

The horizontal prrjjection of the buckets, for a depth of 5 
llwtt ea from the top, is shown by the heavy lines in Fig. 2, and 
HK|t represents tlie development of a portion of the cylindrical 
^^Bce containing the outer edges of the buckets, 
[^fne diameter of the cylinder, which would contain the inner 
Itdpies of the buckets for a depth of 5 inches, would be 2'092 
feet. Below tliis p^irtion, the surface which would contain the 
mer edges of the buckets is generated by the revolution, about 
Trtical axis of the wheel, of a quadrant whose radius is 8-4 
I, and which ia convex towards the axis. 
I under side of the crown of the wheel is horizontal 
igh a radial distance of 4 inches from the outside. For 
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ring nnta, to be screwed on to the screwed portions, Sa, 85, of 
tlic sleeve, by inserting a pin in the holes r', n', etc. It thnB 
drives the fy>ne rings, whose inner bore is tapered the same as 
oh^ ii|x»n the sleeve, and thns clamps the two parts of the latter 
ti;.^htly to the shaft. Sometimes, small pins, /), inside of the 
sleeve, enter corre^jK^nding holes, one in each piece of sliafting, 
in order to give the conpling a firmer hold ; but this is not ne 
cessary. The whole, when put together, is a smooth cylinder 
capa))]e of being used as a band pulley if desired. 

Construction, — The measurements attached to the sketch aL 
low all parts to be accurately drawn ; with an exterior view of 
the other half sleeve ; or an end view of either half. 



B — Line Comnninicatora. 

60. Linear communicators are distinguished as fleocible and 
rigid. The former will, for convenience, be described fint; 
on account of the connection of the latter with subsequent 
fonns of communicators. 



Band^ Cord^ and Chain Wlieels. 

61. The motion of one wheel, or of a curved sector, may be 
communicated to another by means of a band or belt, a cord, 
or a chain passing around both wheels ; or fastened suitably to 
a jx>iiit on the circumference of each sector. In either case, the 
wlu^cl and the band are both of so simple a form as hardly to pre- 
sent any fit examples for graphical construction ; except as the 
curved arms often seen in band pulleys may afford further 
practice in the nice construction of tangent ares ; and as a fnlly 
shaded projection of two or more band wheels, in different 
j)lanes, might make an effective plate of shaded drawing. SnA 
a plate the student could readily design and execute for him- 
self, after having learned the following principles. 

The present subject will, therefore, be treated only in relation 
Xk^ the leading practical principles of band wheels or puDef^ 
belts and chains. 

62. Angular velocity is that at which the u^nlar ipM 
amund a centre is swept over by a radius tmmii^ 
centre. 
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For pti/rpoaes of corrvpa/rison it is estimated at a uni6% die- 
t^M/nce, as a foot, from the centre. Thus if a point on the pe- 
riphery of a wheel of 4 ft. radius be moving at the rate of 20 
ft. per second, the velocity of a point at one foot from the cen- 
tre will be 5 ft. per second, and this will be the angular velocity 
of the wheel. 

63. The direction of the motion of a revolving body at any 
point is estimated on the tangent at that point to the circle de- 
scribed by that point. 

The direction of an angular velocity^ as to its senae^ i. e.,. as 
forward or backward, right or left, is estimated by that of a 
^vatch having the same relative position to the observer as the 
given motion. The hands of a watch are said to move from 
left to right, since they really do so in passing through the 
upper or XII point Any opposite rotary motion is then said 
to be from right to left 

Theorem I. 

A rotary motion of two pa/raJlel axes may he maintained 
ijidefim^itdy^ and in one and the same direction^ for hoth^ hy a 
band^ parsing directly around cylindrical pvUeys in the same 
j>lane^ on those axes; hutj if the band be crossed^ the rotations 
TjoiU be in opposite directions ; but in both cases tJis ratio of 
the velocities will be constant. 





Pick ». Fio. S& 

Let A and B, Fig. 22, be two thin cylinders in the same 
plane, secured to the axes A and B, also in the same plane. A 
leather or other flexible band, abody whose ends are united to 
6 
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make one piece, may then be past>ed directly and tightly around 
the two pulleys, as shown, and will then be in the same plane 
as the wheels. Its adhesion to the wheels will then be Bufiicicnt 
to communicate the motion of cither to the other. And as no 
part of the baud is hindered in passing any point tcniched by it 
on the wheel, the motion in either elevation, ab or ba, may be 
indefinitely continued. As the }x>ints a and b move in the 
same direction and on the same side of the axes, the angular 
motions of the wheels will be in the same direction. But if 
the band be crossed, as in Fig. 23, the p^>ints a and b being on 
opposite sides of the plane of the axes, the band will produce 
rotations in opposite directions, as shown by the arrows. 

Finally, the ratio of the velocities will be constant, for all 
jxunts of the band must move with equal velocity, else it would 
brcak ; hence the peripheries of the wheels have equal velocities, 
which are equal to that of the band. Hence as eac/i wheel has 
a constant radius, its angular velocity also will have a constant 
ratio to that of its periphery, that is, to that of the band. 
Hence the ratio of the angular velocities to each other ^vill be 
constant. 

Iiemar/i\ — ^Wliile this last result is theoretically true, it is 
not so practically, if there be any slipping of the band. 
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Theorem II. 

A band should be crossed by giving it a 
half twist, in a j^lane jjerj^endicul^ir to 
that of the wheels which hold it ; it s/iould 
be shifted, lutet'aUy, btj operating on its 
adrancing side, and if applied to a cone 
v^heel, will wark itstif tu-wards the larger 
end of the cone. 

Fir}<t, the baud should be cn)ssed as de- 
scribed; firet, to briug the same side, and 
the inner side of the leather against the 
pulley ; and, second, to uiake it cross it- 
self flatwise, iis at D, or face to face, in- 
stead of edge to edge. This is accom- 
plished by taking hold of the band, as 
shown in Fig. 24, and carrying it half 
half twist, as indicated by tlie 
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aiTOw 0, in the plane CF, parallel tn tlie plane of tlie 
axes. 

Second, tho rigidity of the band in tlie direction of its 
width, together with its adhesion to the surface of its pnlley, 
makes any point of it follow the line into which it is drawn 
at any point, in going on to the pulley from that point. 



A 

1 

it 




ThtiB a band A, Fig. 25, being drawni aside by a looped 
rod B, just before striking the wheel, will, by its own stiffnesF, 
follow tho direction aA till it tonehes the wheel, and will 
then continue in that direction. 

Hence, in all shifting of hands from one pulley to another, 
they must be acted upon on their advancing sides; and any 
ordinary lateral action applied to tliem on their retreating 
side, will not displace them on or from their pnllcys. 

Third, the reHistanee of the band to lateral bending likewise 
makes it work towards the larger end of a conical jmlley. 
Thus the band AB, Fig. 26, in striving to fit the conical pnlley, 
C, will bend; and the point D will, by the resistance of the 
band to lateral bending, tend to move in the line Dd, while, by 
the eontinnanee of these two action:*, the hand 
will work itself to tlie larger base of the cone. 
.. Hence the simplest method of kcc|»ing hands 
npdn tlieir pulle}'B is, to make the latter c<^>n^ist 
(if two conical fmata, with a voinmon Jui'yef 
iMUe. . 

Thus band polleya, even when innning witli tv^^ 
tbe hig^ieat velocittes, are made as in Fig. 27, fiq- n. 

fS^tlf coned from a and e to the larger central diameter at h. 
Tbe band will thas keep itself npon the pulley, without either ex- 
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temal guides or l(K)ps, or flanges, all of which would wear its 
edges and hinder its motion. 

The principles now explained enable us to solve the following 
problem. 

Problem I. 

To connect wheels lying in different jplanes^ hy a hcmd^ when 
tJie iiitersection of their jjlanes is aUo a common tangent to t/tS 
two wheels. 

This general problem includes several cases which will be 
taken up successively, as variations from a given case. 

I. — To connect the wheels so that they shall rei^olve in a given 
m^anner. The band should be M on to each wheel in the plane 
of that wheel, and should leave each wheel at the point of con- 
tact of the common tangent to the two wheels. Let PIS' and 
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QN', Fig. 28, be given axes not in the same plane, the direc- 
tions of whose axes make any angle with each other, and let the 
motion be in the direction of the arrows. Let CT be the oommon 
tangent, which is the intersection of the planes of rotatioii| 
ETC and ATC. Then the band, moving as shown, miiBt enter 
the lower wheel in the plane BTC, and the upper one in the 
plane ATC. Also, by the second principle, it must leftve flis 
lower wheel at C, and the upper one at T. 
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The Bame thing is shoAXTi in projection, in PI. XVI., Figs. 6 
and 7, where the same letters being repeated at like points, the 
figures explain themselves, by the help of the arrows. In these 
and the following figures, the horizontal plane of projection is 
taken parallel to the given axes, for convenience in constructing 
the projections of the wheels. 

From this case as a starting point, two principal variations 
may be made : fir%t^ to revei-se the motion of eitlier one of the 
wheels ; secofid, to reveree the motion of both of them. 

n. — To reverse the ^notion of either oiu of the wheeh. Let 
the motion of the upper wheel be reversed as in PI. XVI., Fig. 
8. Tliis case is here illustrated with the directions of the axes 
perpendicular to each t)ther. Observing the points of analogy 
and of difference between Figs. 28 and 29, it appears by mere 
inspection that, to reveree the motion of either wheel alone, the 
common tangent, CT — C'T'. to the two circumferences, which 
is tlie intersection of the planes of rotation, shifts to the 
opposite side of the wheel whose moti(m is revereed ; while the 
other wheel, BC — B'C, shifts to the other side of the common 
normal, N — ^X'N', from where it was before. 

In the corresponding change from PI. XVI., Fig. 7, the wheel 
BC will move parallel to TA till its point C shall be under A. 
Tlie student can construct the figure. If BC — B'C" in this 
case were moved on its own axis, parallel to itself, it would 
Lave to increase in diameter in <;rder to preserve a common 
tangent to the two circumferences, as before. But in this case, 
the velocity ratio between the axes would be changed, which 
might be undesirable. Any two wheels, whose central sections, 
AT and BC, were, as seen in plan, generated by any one point 
of NC, as a, would give the same velocity ratio. 

Fig. 29 illustrates this case pictorially. with the motion of 
the Hywer wheel reversed ; and we see, as before, that the in- 
Mnection, CT, of the planes of rotation is tangent on the oj>- 
podte side of ihait wheel, and that the other wheel, Q, is on the 
oppqrite side of the common normal from what it was before, 
iilFig.S8. 

TTT, — To reverse the motion of both wheels, Tliis is illus- 
trtted in PL XVL, Fig. 9, for the general case of the directions 
of the axes making any angle with eacrh other. Like lettere for 
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relative direction of rotation of the wheels P and Q would have 
been changed. 

The student can now design an arrangement with ov£ guide 
pulley for this case, giving rotation in o^ie direction only ; also 
an arrangement either by one or two pulleys for giving rotation 
in either direction in the pre\dous cases. 

Notes on Band Wheels, 

64. The foregoing are all the important geometrical principles 
connected with band wheels. Some notes are added, mostly 
from an extensive recent collection on tlie subject.* 

Area, — 100 square feet of belt per minute, per horse-power, 
at a belt speed of about 1,800 feet per minute, seems to be a fair 
average allowance of belting to power transmitted, according 
to several examples from various authorities and from actual 
practice. 

One example gives only 24 sq. feet of belt per horse-power 
per minute, at a speed of about 750 ft. per minute ; and another, 
68 sq. ft. per horse-power per minute, at a belt speed of 1,000 ft. 
per minute; but the horse-power transmitted may have been 
variouslv or looselv estimated. 

A more satisfactory average result is from a mean of twenty- 
seven select examples, in which all evidently extreme cases, like 
that of 24 sq. feet just named, had been rejected, and the belt 
speed disregarded, as the various particulars, of material^ arc of 
pulley embraced^ condition and tightness of the belt, might 
neutralize or outweigh the effect of difference of speed. The 
mean of the twenty-seven examples, then, gives about 76 sq. ft. of 
belt per minute per horse-power, to pass a given point on the 
pulley. 

65. Material, — ^Numerous authorities agree that oak-tanned 
leather is preferable in point of durability to all other substances 
for belting purposes. These other substances are woven rubber 
fabrics, gutta-percha, paper, and any of these, or like materials 
with metallic strands incorporated into them. As an example of 
a very large belt, there may be mentioned an india-rubber belt, 4 
ft wide, 320 ft long, and of 3,600 lbs. weight, designed for a 
large grain elevator.f 

• See '* Belting Facte and Figures,'* in the Jour. Fr. Inst. 1868-70. 
t J. F. Inirti. Sept, 1869. 
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66. Pvlley surface, — This is of cast-iron or wood. In eitiher 
case the power transmitted may be greatly increased by cover- 
ing the pulley with leather, between which and the belt the 
friction will be very much greater than between the uncovered 
pulley and the belt. 

67. Belt fasteinnga. — The two ends of a belt are very often 
fastened by hiomg with leather strings through two sets of 
holes, thus (Fig. 30) :— 
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Also by rivetSj and by " bdt hootsy^ where the 
ends of the belts are hammered on to the thin 
plate, armed with numerous short, sharp 
points, which go through the belt, and can 
be clinched (Fig. 31). 

Thui flexible studs are also used, thus : — 
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the leather being only slit instead of punched, so as to save loea 
of resisting section of the belt. 

Each variety of bolting material may have its appropriate belt 
fastening. But ordinary lacing, like Fig. 30, is by many oon- 
sidcred best for leather belts, and always sufficient if the belt is 
not stretched too tightly. The belt hook, Fig. 31, is recom- 
mended for rubber and paper belts. 

6S. Side againiit the puUey. — It seems to be agreed on all 
sides, that the hair or grain side of the leather should be against 
the pulley, and for two reasons. First : that side is smoodier 
and firmer, and therefore adheres more closely to, or has a better 
hold upon, the face of tlie pulley. Second : because the strongest 
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part of a leather belt is about one-third of the way through 
from the flesh side, and this bears the tensile strain of the outer 
half of the thickness of the pulley, while it is also freed from 
abrasion by the pulley. 

69. Paper hdts. — These are a new invention known as Graves' 
patent. They are made only for straight and unshifting belts, 
not less than five inches wide, nor to embrace pulleys less than 
six inches diameter, and are particularly recommended for heavy 
belts. Examples are recorded 12 to 14 inches wide, and from 
50 to 120 ft, long. 

70. Proper tension,— ^e\te> should by no means be strained 
to anything near their breaking weight, as they would thus be so 
extended as to be too loose on their pulleys. Leather belts 
should not bear a strain of much above 300 lbs. to a square inch 
of cross section. Gutta-percha will bear about 400 lbs. to a 
square inch, its breaking weight being about 1,680 lbs. per 
square inch. 

71. Effective radius, — ^Where nice calculations of speed are 
to be made, and where the belt can be relied upon not to slip, 
the effective radius of a pulley is estimated to the middle of the 
thickness of the belt, the particles within that point being com- 
pressed, and those without extended, as the belt bends around its 
pulley. 

72. Dressing. — It is very generally recommended that the 
dressing for belts should not consist of a liquid penetrating oil, 
but of a stiffer composition, such as one of tallow and oil, 
further stiffened 
by a small por- 
tion of beeswax 
or resin. 

73. Driving 
power, — Al- 
though this topic 
belongs more ap- 
propriately to a 
treatise on the 

dynamics of machinery, yet an 
outline of the elementary consid- 
erations to be regarded, seems too 
interesting to be omitted. Let E, '^'** ^ 

Fig. 33y be an experimental fixed pulley on a fixed axis, and 
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thus incapable of motion ; and let T and t be weights attached 
to opposite ends of the same belt. K, passing over the pulley. 
Let G be a small guide pulley, freely turning on a movable 
axis, so that, as it is made to press the belt in or out, more or 
less than half of the circumference of E may be in contact 
with R. Then let T be adjusted to each different length of arc 
of E in contact with the band, until it be snfticient to descend 
and draw up ^, by the slipping of the band. 

The difference between T and t will vary, firsts with tlie co- 
efficient of friction for the material of the belt and the pulley ; 
second J with the ratio of the arc of contact to the entire circum- 
ference of E, and with the width of the band, and consequent 
absolute values of T and t. 

The ratio oi T and t will, however, depend only on the two 
first pailiculai'S. 

From a table of values,* found experimentally, as just de- 
scribed, the following examples are tnken : — 



BELTS IN ORDINARY CONDmON. 
Q = T - f . 



On Cast-Iron 
Pulleys. 


Unit of 
Comparison 


Ratio of arc 
embraced, 
to the cir- 
cumference. 


T 


Q 


1.60 
2.41 
3.43 


.09 
1.41 
2.43 


1. 

1. 
1. 

1. 
w^oodeu d] 


0.3 
0.5 
0.7 


2575.3 
Rope 


2574.3 
8 on rough ^ 


2.5 

rums. 



Now, for the case of pulleys on fi-oely revohing axes, see 
Fig. 34, where, to produce equilibrium, a weight, Q = T — ^, 
must be huni^ fi*om a second pulley, D, on the shaft. AD, and of 
the same diameter as pulley A. If A = B, as shoNvn, 0.5 of the 
circumference of each will be embraced by the belt, and we 
shall have from the table the relative weights of #, T, and Q 
marked in the figure. 

* Praotdoal TreatiBe on Mill-G^arixig. Iiondon : 8p(m. 1869. 
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Next replace T and t by any snfiicient motive power, applied 
at C, and it would raise the weight Q at a uiiif onn speed with- 
out slipping the belt. 

w X Q may in like manner be raised by treating it thus : — 
nQ=7iT— n^, and the belt must then be made n times as 
strong as before, when it withstood only the strain T. This 
cau be done by making it n times as wide as before. If, how- 
ever, it be made n times as thicJc^ its stiffness may interfere with 
the fiiction of an equal area of contact being increased n times, 
by the n times increased strain nT. That is, the ratio of T and 
t may be changed so as to make nQ=:rT— 7i^, and then the 
strength of the band must be ?'T times as great as before. This 
could be determined experimentally. 

74. lielative merits ofielting and gearing. Belting is much 
more quiet, and more readily allows a change of relative velo- 
city. It only needs to be properly proportioned and applied, to 
give as good or better results, according to eminent practical 
authorities. 

A belt too tightly stretched on its pulleys, not only injures it- 
self, but produces an injurious friction of its pulleys thus 
drawn towards each other, on one side of the shaft of each. It 
is desirable, therefore, to have a long overhead line of shafting 
run through the centre of the width of the room, so that belts 
can pass from it down to machines on opposite sides ; and thus, 
partly, balance the opposite pressures upon the shaft. 

Eubber or paper belts may be used for uncrossed and un- 
shifted belts, and when running in the open air, and the former 
also ill damp or wet places. Leather belts may be used in other 
cases, and with leather-covered pulleys, and, if of abundant width, 
will run quite slack without slipping, or loss of power, from ex- 
cessive friction by undue pressure upon the axles. 

Transmission hy JRopes^ Cords^ etc, 

75. Hound bands of leather or other material are occasionally 
seen on a small scale, driving some of the subordinate parts of 
a machine, or as a substitute for belts in models, etc. They 
run in circumferences variously grooved in different cases to 
hold them in place. 

Concave sided grooves, forming an angle at the bottom, are 
recommended in place of V-shaped ones. 
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Since 1850, however, the transmmion of power hy wire 
ropes* on a grand scale, has often been adopted in Europe as a 
permanent aiTangement, and might be so employed, advanta- 
geously, wherever the source of power and the place of its appli- 
cation are necessarily, or most conveniently, far apart 

One of the most prominent cases of this kind is that of a 
large water power in a spot so ])recipitous as to afford no good 
building site near it. In such a case, the great expense of 
building in a bad position, or of constracting a canal from 
the water power to the distant mill driven by it, may be avoid- 
ed by the use of wire ropes from a water wheel, placed directly 
at the site of the water power. 

The main propositions and facts concerning this topic can be 
briefly expressed in a few sentences. 

The use of a round endless wire n>pe, running at a great velo- 
city in a grooved sheave, constitutes the transmission of p3wer 
by wire rope. 

Thus, the power of a 100-horse power turbine has been trans- 
mitted 3,200 feet by a |-inch wire rope running on 13^ feet 
wheels, making 114 revolutions per minute, and 400 feet apart 

The requisite tension is ol)taincd by the weight of the rope 
in long reaches, where the deflectiriu of the rope, at rest, will be 
about -^ of the distance between the wheels. 

Special care should be taken to set each wheel squarely on its 
shaft, and the latter truly perpendicular to the line of trans- 
mission. 

Wlien the wheels are at different heights, a smaller arc of the 
lower one will be effectually embraced by the rope, as the weight 
of the roi>e then makes it tend to drop away from that w*heel. 
In such a case, the r<>i)e may be stretched tighter ; or, if the incli- 
nation of the line from one wheel to the other be great, as 85* 
or more, guide pulleys level with the vpper pulleys should be 
provided, so tliat both paii^s of the rope shall be first i*ertioal' 
from the lower to tlie guide pulleys, and thence horizontal to 
the upper pulley. 

Chains. 

76. Chains of various forms are sometimes used in place dt 
bands, where great power is to be ti*ansmitted. They are usa- 

• Trans, of Power by Wire Ropea Van Nostrand, N. T. , 1860. 
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ally made either with toothed links to engage in notches on the 
penphery of the wheel, or in carefully riveted square links to 
embrace teeth upon the wheel. But in all cases the arrange- 
ment is expensive and troublesome, being liable to get out of 
adjustment by the wear of the rivets. It is therefore inferior 
to toothed gearing, or wire rope, for long transmissions. 

For hoisting purposes, etc., where the motion is limited, and 
the chain passes around only one barrel or drum ; if the latter 
be suitably grooved, a chain of common oval or of rectangular 
links will coil itself very evenly on the barrel. 

Inflexible Linear Communicators, 

77. The common crank may be seen, in its double form, in 
the cranked axle of any locomotive with inside cylinders. A 
single crank may be found in any stationary steam engine of 
the usual form, having a cylinder and reciprocating piston. 

Two anned cranks, whose arms are perpendicular, or oblique 
to each other, go by the general name of bell-cranks, being 
most familiar in door-bell connections. They also enter largely 
into the mechanism of organ-stops. 

78. "Rockers," PI. XVII., Fig.lO, a and A, are familiar in near- 
ly all American locomotives, where they have a vertical position 
on each side of the engine, and communicate the motion of the 
outer end of the excentric rods, e^ to the valve stems, v. A rock- 
er or " rocker arm," «, vibrating in a vertical plane, about its 
lowest point, H, as a centre, may be called a standvrvg rocker ; 
one. A, which similarly vibrates about its highest point as a 
centre, may be called a hanging rocker. The valve rod, or stem, 
V, of a locomotive is attached to the upper point of a standing 
rocker, and the excentric rod, ^, which moves it, to the lower end 
of a hanging rocker on the same rocker shaft, K. 



Example XXVI. 

A Locomotvoe PwraUd a/nd Mai/n ConnecHans. 

Description, — ^The parallel connection, PL XVIT., Figs. 1-2, 
is the heavy bar that connects the driving wheels of locomotivee 
having more than one pair of drivers. It always lies parallel 
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to the line joiniiig the centres of those wheels. Hence its name. 
Tlie bar itself is a very simple affair, being straight and of 
round, or nearly rectangular, or sometimes, I section. Biit^ 
with the adjunct parts, forming iti? attachment to either crank 
pin, it presents some useful features for study and practice. 

R is the lighter and moulded part of the connecting rod. 
The square-cut part, at each end, as E #«, is the " stub-end," and 
S is the strap. BB are the boxes, of brass, lined with " Bab- 
bit" or anti-friction metal, within which the crank pin, P, 
works. In this example, the front face of each box is fonned 
^vith a moulded cover, best undei'stood from the plan, Fig. 2, at 
BB, also shown by its principal circular lines in Fig. 3, which 
shows a plain box without a cover. This cover shields the head, 
J?, of the crank pin. As each half of the box weai-s out on the 
inside, it is set up against the crank pin, by wedge keys, K and 
^, which lit into vertical square cut grooves in the backs of the 
boxes as shown, where 88 and tt are the backs of the boxes, into 
which, as at ffff in the plan, the vertical edges of the keys set 

The rear box, being slipped into the strap from its open end, 
and di-awn over the crank pin, the front box can then be like- 
wise slipped in, and after it the stub-end. The keys can then 
be adjusted till the box is close to the i)in, — the edges of the 
vertical joint, //A, being filed away, if necessary, to secure a 
proper fit — while also the bolt holes for the bolts, II and T, must 
agree in the strap and stub-end. Tliese bolts, then, hold the 
whole fast. Their nutjs, N, and jam-nuts, n, clamp each other 
to the bolt threads, and bear against a washer ii-on, W". The 
key, K, passes through AV, and is clamped by the screw bolt e. 

The similar washer, Y, is bolted to the strap by F, and re- 
ceives the key, /*, which is clamped by e, C is the oil-cnp. 

The action of the keys, in detail, is jis follows: The boxes 
having become loose by wear, loosen the clamp-screws, ^, and 
hannner down each key till its box is pn^perly tightened. The 
tapering edge of each key beai-s against the unyielding strap; 
hence, when driven in, the vertical edges move towards the 
crank pin, and carry the boxes along with them. And the keys 
readily descend, since the slots, as ah and od^ by which they go 
thrraigh the strap, are wider than the keys. 

ConMnution. — This should include the plan, Fig. 2, and a 
detailed view of a box, Fig. 3, all made in proper relaiive 
jH)sitio7iy and to a uniform scale. An end view^ or a sectioD 
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through AA, may be substituted for the plan. The scale may 
range from one-fourth to one-AaZ/'the full size. 
Similar instructions will apply to the following case : — 
TJie Main Connection-joint : — This, Fig. 4, which is merely a 
sketch, diffei-s from the parallel rod -joint, just explained, mainly 
in being heavier. But the (»pportimity is here improved of show- 
ing a variation in the construction, such as is frequently seen. 
As before, E is a part of the main connecting-rod, from tlie for- 
ward driving-wheel to tlie cross head ; E, the stub-end ; B and 
B, the boxes around the crank-pin Op, SS is the strap and 
K the adjusting key, really setting into the front box, as before. 
"With one key, the bolt-hole for the bolt, H, is slotted^ that is, 
made oblong or wider than the diameter of the bolt, as shown by 
separate dotted lines for each. Then, when this bolt is loosened 
and the key set in, it fii*st sets up the front box, and afterwards 
acts to draw on the strap S, and thus close up the rear box. 
Moreover, the key, in this case, is a screw-key, passing through 
the stirrup T^, and actuated and clamped by the nut and jam, 
f^and n, 

79. Having now illustrated the principal members of the 
main train of a locomotive — the cylinder, piston, frame, axle- 
box, guides, cross-head, and crank-pin joints, it may be best to 
sum up with a few elementary theorems and observations about 
locomotive action. 

80. We begin with the following principles. First : Action 
and reaction are ever eqxud and contrary. Second' : The mo- 
ment of a force is its product into the lever-arm with which it 
acts. Third : The point of contact, R, of the wheel with the 
rail, Rr, is the fulcrum to which the power acting at the crank- 
pin, and the resistance acting at the axle, are referred. Fourth : 
Inertia is that property by which bodies resist either an acceler- 
ation or retardation of velocity. 



Theorem III. 

The effective propeUing power of a locomotive^ taken at the 
aaZcy is the sa/me^ whether the crani>pin is above or hdow the 
wade. 

Let the crank-pin be at j?, Fig. 35 ; let the engine be moving 
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forward; and let the radius, OR, of the driving-wheel be 3 
feet, tlie crank-arm Op = Op' = 1 foot, and the pressure on the 
piston 9,000 pounds. Then a force of 9,000 pounds, acting as 
at jp, 4 feet from K, gives a moment of 36,000, which, divided 
by 3, the lever-arm, OR, of the centre, gives 12,000 pounds as 
the equivalent force acting, as at Oa. To oppose this, there is 
the reaction of 9,000 pounds, against the back cylinder-head, com- 
municated through the engine-frame and body to ihej^ront aacU- 
box, and represented by O}. This leaves a surplus of 3,000 pounds 
effective pressure forward, at O, acting to propel the engine. 

On the other hand, let the crank-pin be at p\ pressed back- 
ward at p'g' with a force of 9,000 pomids, acting at 2 feet from 
R. The moment of this force is tlierefore 2 x 9,000 = 18,000, 
and dividing by 3 the lever-arm at O, we find 6,000 pounds as 
the equivalent force acting at O in the direction of OJ. To 
oppose this, there is the reaction of the steam pressure of 9,000 
pounds upon the front cylinder-head, and thence through the 
frame, etc., to draw the latter forward against the axle. This 
leaves a free surplus force, as before, of 3,000 pounds acting at 
O to drive the engine forward. 

It follows from this that it is just as easy to start a load with 
both crank-pins below tlie centre O, as with them both above. 



TlIEOEEM IV. 

The pressure hetween the aail^ and the front axle-box of an 
engins going forward, is dovhle that between the axl^ and ths 
back axle-box. 



x^_J^ 



f 



p 







FlO. 86. 



We have seen, Fig. 35, that there is a tree force of S/KW 
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poimds out of 12,000 pounds, acting forward at O, when the 
crank-pin is at p. To this effective force is opposed the sum of 
all the train resistances, represented by the additional arrow ho. 
This resistance is a " hanging-back," felt through the frame and 
drawing the front axle-box against the axle. Thus the total 
pressure between the front axle-box and the axle is 12,000 
pounds. Moreover, this result is constant under the given con- 
ditions ; for if the train resistance in the form of friction, re- 
sistance of the air, and the jerky resistance of liftifig the cars 
over the vertical unevenness of the track are less than 3,000 
pounds, the balance will be made up by opposing forces of 
inertia^ developed in increasing the speedy until the former re- 
sistances, alane^ equal 3,000 pounds ; when the equilibrium of 
uniform motion will ensue. 

Again, the 3,000 pounds free effective pressure forward at O, 
when the crank-pin is at^', is opposed by the train resistances as 
before, which act to draw the back axle-box from the axle. 
Hence the pressure between the axle and the back box is 6,000 
pounds, or one-half as much as there is between the axle and its 
front box, which satisfies the enunciation. 

As this diminished pressure, and, consequently, diminished axle- 
friction, occurs in the lower half of the crank-pin circle, it follows 
that if there is any sensible advantage in starting a train at any 
time, it is when both cranks are below the axle, though this 
happens to be just opposite to the notion said to be held by 
some engine-drivers. 

Theorem V. 

The piston^ etc., move in space faster than the engine, going 
forward, in the forward stroke, and slower in the backward 
stroke. 

The piston, piston-rod, and cross-head all move together, and 
in the same direction. Let the motion of the piston, therefore, 
represent them all. 

Now the piston of a locomotive has a compound motion. Ist, 

its general motion forward, in common with all points of the 

engine. 2d, its own proper motion relative to the cylinder, 

which is the same as it would have in a stationary engine having 

an equal cylinder, and working with the same rapidity. The 

joint effect is, that in its forward stroke the piston is moving 
7 
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the lowest to the highest point of its path. But these equal 
angolar spaces indicate the uniform advance of the engine. 
Therefore the crank-pin motion is accelerated, as described. 
And as the remaining half, gp, of its path is equal to ag^ its 
motion is retarded as described. 

Again, dk' is the horizontal measure of the space described 
by the crank-pin during the forward stroke of the piston, cor- 
responding to the semicircle, ^jD, of the crank circle ; while 
J^" is the corresponding forward motion of the engine, since k 
and h" mark the two vertical positions of the horizontal diame- 
ter K'D'. But, making a'd'" = a'd\ we have d'^'ad' for the 
path of the crank-pin during a backwaixi stroke of the piston, 
and d'^'d' for its corresponding horkontal motion, which is less 
than H/\ Hence the relative velocities of the crank-pin and 
the engine in the two piston-strokes are as enunciated. 

Theorem YII. 

T/i^ wear of the two orank-pin boxes is equal. 

This result follows from the equal pressures on the crank-pin 
in the upper and lower half of its circular path, as found in the 
last two theorems. In the upper semicircle, the pin being 
draxon forward by the piston, etc., the back box is drawn against 
the crank-pin ; while, in the lower semicircle, the pin \^ pushed 
by the connecting-rod, the front box is pressed against it, but 
with the same pressure — of 9,000 pounds, in the last example 
supposed — as before. 

But as the difference of taper of the keys, PI. XVII., Fig. 1, 
K and ^, seems to indicate an opinion that the front box wears 
faster, since its more rapidly tapering key would set it up faster, 
the question may be more fully examined. 

Wlien the crank-pin has a retarded motion, the inertia of the 
connecting-rod, etc., resists this diminution of speed by striving 
to go on unlfonnly, and it thus increases the pressure between 
the hack crank-pin box and the pin. But the crank-pin also 
resists an acceleration of its motion, and thus presses back the 
front l)OX against the pin. 

Let us now examine the results for both strokes. 

From d" to g'\ corresponding to d"'a in space, PI. IX., Fig. 
2, the steam pressure of the front box against the crank-pin is 
diminished by that of the ha^ik box, caused by the resistance of 
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the connecting-rod, etc., to retardation / and from g" to «", cor 
resi>onding to ad in space, the same steam pressure is increased 
by tliat of the front b<>x, caused by the resistance of the same 
parts as before, to a^jcehration. 

On the other hand, from s to g^ corresponding to dg in space, 
the steam p\dl of the hack 1k)x against the crank-pin is dimin- 
'i^hed by the continual resistance through X\\efro7\t box to accel- 
eration of the connecting-rod, etc. ; while from g to d'\ cor- 
responding to gh' in space, the same pull is increased by the 
resistance, through the hack box, to retardation of the connect- 
ing-rod, etc. 

Thus, as the curve agp is symmetrical with respect to AG, 
the pressure of the crank-pin boxes against the crank-pin are 
equal dmdng Xha forward stroke, corresponding to sgd" or dgV^ 
for the hack box ; and, during the backward stroke, correspond- 
ing to d''g"s or d'*'ad' for \)^^ front box. 

Hence we conclude that the diflFei^ence of taper of tbe keys K 
and /?, PI. XVII., Fig. 2, is ar])itrary, or only because there was 
not room for so large a key as K behind the crank-pin. 

80. A few fundamental principles concerning the mutual re- 
lations of boiler, cylinder, driving-wheel, speed, and load, being 
doubtless of interest to students, the following is here added: — 

It must be premised that locomotive power does not reside 
primarily in a large driving-wheel, or steam-cylinder, but in the 
l)oiler capacity to deliver steam of given pressure, at a certain rata 
This, again, depends on the proporticm and position of the fire- 
box and flues relative to the water spaces of the boiler ; and, last, 
without going back of causes acting in the engine, to the prime^'al 
sunshine as tlie power which produced the vegetable growthfl 
fn>m which coal came ; the power in question resides ultimate- 
ly in the coal consumed by the engine. 

Let the duly related fire and water spaces, taken together, be 
regarded as the given boiler capacity for steam delivery at a 
^i\ en pressure and rate, and we shall have the following theo- 
rem. In it the further mechanical principle is employed, that 
the work of a force is the pn>du(;t c>f its intensity, or the jpiw- 
sure it can produce, by the space thmugh which it acts. 

Theorem VIIL 
Wi£k a gwen hoiler oapacity and size of cylinder^ 'the loftgit 
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tJie drimn-g-wfieel^ the greater the adaptation to a light load at 
a high speed / and^ eowuersely^ the wheel being given, the larger 
ths cylinder the greater. the adaptation to the moving of a la/rge 
load at a low speed. 

This theorem can be better established by a numerical exam- 
ple tlian by abstract reasoning. Then let the following suffice. 

Suppose a boiler capable of supplying 20 cubic feet per second 
of steam, at a mean pressure of 100 pounds per square inch, in 
tlie cylinder, and that each cylinder has a capacity of 2 cubic 
feet. Then 5 double strokes, or 10 single strokes, per second for 
each cylinder, with the steam cut off at half stroke, will consume 
10 cubic feet of steam for each cylinder, or 20 feet for 
both. Next, suppose the driving-wheels to be 7 feet in diame- 
ter ; then the circumference of each will be about 22 feet, and 
the five double strokes will advance the engine 110 feet. Let 
the piston have an ai'ca of 150 square inches, then the stroke 
will be the volume of the cylinder divided by 150 = 

3456 cub. ins. r,o • i. i 

-^— r- ; = 23 inches, very nearly. 

150 gq. ins. 

Then the 10 single strokes of each piston = 230 inches = 

19.2 feet very nearly, which is the space passed over by the 

piston under the steam pressure of 150 x 100 = 15,000 pounds. 

Now, if the train have a imif orm velocity, the work of the steam 

will be in equilibrium with that of the resistances, and we have, 

considering the two cylinders, 

2 X 15,000 X 19.2 = i« X 110 ft., 

- 2 X 15,000 X 19.2 .^^^ , , ,., 

whence ,/• = ^tk = 5236. -f , poimds (1) 

as the sum of all the resistances. A velocity of 110 feet per 
second = that of a mile in 48 sec, or |^ of a minute, = 75 miles 
per hour. Now, suppose the resistance of the atmosphere at 30 
miles an hour to be equal to all the other resistances on a level, 
and to increase as the square of the velocity ; and let 10 pounds 
to the ton be the force required to overcome these other resist- 

5 , /5v' 25 

ances on a level. Now 75 = ^ ^^ ^^ ^^^ V2/ ~ T* 

Then let y = total train resistance, other than from the at- 
mosphere, here assumed to be uniform, 
or, y = atmospheric resistance at 30 miles per hour, and 

26 y 

—T^ = atmospheric resistance at 75 miles per hour. 
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Hence, -j-^ + y = ^ y = total train resistance of all kinds 

= 5326 pounds, 

, 5286 X 4 _,,,, , 

whence y = — = 722.2 pounds. 

Now, at 10 pounds per ton of power, this force would move 

722.2 
^ = 72.22 tons on a level. Allowing 30 tons for the weight 

of the engine, the balance of 42.22 tons would be equal to about 
two heavy and well-filled passenger cai-s ; a very light load evi- 
dently for such an engine, at ordinary speed. 

These results are, of course, not given as perfectly accordant 
with facts. Train resistances, including those peculiar to the 
engine, other than atmospheric, are not really uniform at all 
speeds ; the total atmospheric resistance de])cnd8 partly on the 
number of cars, and on their distance apart ; and, finally, there 
are little or no definite and underst^xnl results of exj.>eriment 
witli very high speeds. Still, the above example sufficiently 
verifies the theorem. 

Without going through the other cases in a similarly detailcil 
manner, it is sufficiently evident that if the driving-wheel be 
reduced to four feet, the only result would be to increase the 
load and decrease the si)eed. For the number of piston strokes 
must be unchanged, else steam would either waste at the safety- 
valve, or fail to supply the cylinder at the required pressure. 
A four-foot wheel will advance the engine about 12.6 feet at 
each revoluti(jn, or 63 feet for the 5 double strokes of the pistt^u ; 
and as the work of the steam in the cylinder is unchanged, that 
of the resistance will be so also, and for the diminished space 
thi'ough which the resistance is felt during these five double 
strokes we shall have in place of (Eq. 1) : 

2 X 15,000 X 19.2 ^, ,^^ 
X = T.-0 = yl*2.8 pounds, 

to be spent on the train, and atmospheric resistances, from which, 
by a similar calculation to the previous one, and remembering that 
63 feet per second = about 43 miles per hour, we find, after de- 
ducting the engine as before, a load approximately of 16 cars at 
18 tons each, loaded. 

FlruiUf/y loith the driving-wheel offix^d size^ and the cylinder 
variable, let us again take a four-foot driving-wheel, and let the 
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cylinders be of 4 cubic feet capacity each, or of about 19 inches 
diameter and 24 inches stroke. The capacity being thus doubled, 
the number of strokes necessary to consume the given volume 
of steam at the given pressure will be halved, giving 2 J double 
strokes per second, = 10 feet per second piston speed, which 
will advance the engine 31.5 feet. 

The piston area of each cylinder = 288 square inches, whence 

• 1 ^n? -IX u i;i u 2x28,800x10 .oooP 

in place of (Eq. 1) we should have x = ^^-^ = 18,286 

pounds. 

Also 31.5 feet per second = about 20 miles per hour. Hence 
the given suppositions about atmospheric resistance would now 
give 

y X iy = 18,286 
or y = 12,660 very nearly, which at 10 pounds per ton, to 

overcome other than atmospheric resistances, 
gives a load of 
1,266 tons, or, deducting 36 tons for engine, 
leaves 1,230 tons of load, or 

70 cars at about 17 tons each, including their 
load. 
None of these results may correspond very nearly with prac- 
tice, though they may usefully indicate the path of calculation 
and experiment to be followed in actual cases. 

These principles concerning the adaptation of engines, of 
certain design, to a certain load and speed, do not imply that an 
engine of different design, but with the same boiler capacity, 
cannot handle the same load at the same speed. For if, as we 
reduce the drii-ing wheel, the cylinder be also reduced, so as 
to consume the same quantity of steam at the same pressure as 
before, by means of the more numerous strokes which a smaller 
wheel would require to maintain the given speed oi the train, 
the work of the steam in the cylinder will be the same in both 
cases, and this work may thus be expended in producing the 
required high speed of a small load. Accordingly, within the 
past ten years there has been a very general reduction of the 
driving wheels, from 6^, and 6 ft, diameter, to 5^, and 5 ft., the 
cylinder remaining the same^ instead of an enlargement of the 
cylinder, in order to move the heavier trains of later years 
at an imdiminished speed. In either case, however, either an 
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is the main centre ; DD' is the point of attachment of the con- 
necting rod, or of the li;\k, as BL, Fig. 5, to the piston rod ; W 
is the point of attachment of a pump rod. 

This beam is not of particularly fine outline, being bounded 
by circular arcs. A more elegant form would be given by a 
parabolic outline as sketched in Fig. 3, where, if too clumsy 
"when d is made the end of the beam, and ahod is bounding curve, 
the latter can be prolonged, as in the curve ce^ making e?, the 
Tertex of the parabola, the centre of the pin. 

Indeed, by merely proportioning the thickness of the beam 
properly for strenglii, any other similarly curved outline may be 
taken for its elevation, as a single circular arc, or an ellipse, 
for each long side AG or AT. 

The great weight of each half of the beam itself, acting at its 
centre of gravity and supported at C, acts to separate the par- 
ticles of iron at A' and to compress them at A. To resist this 
tendency, the lower flange, A,A", is made vertically thicker, as 
shown at those letters. 

Construction, — Let the exercise be varied by aaopting some 
of the outlines just mentioned. The plan will be a sufficient 
guide for showing the mouldings, as m/i, and the end of the 
beam, in the section. 



Example XXVIIL 
A Stephenson Link, 

Description. — There is some difficulty in either clearly ex- 
plaining the separate members of the train of parts which com- 
pose a locomotive valve motion before explaining the whole, or 
in explaining the whole concisely, before describing its several 
parts. 

In adopting first the former course, the relation of each part 
to the whole will be touched as briefly as possible, and only to 
make each part as intelligible as may be. 

Locomotives are required to go either forward or backward at 
will. Hence it is plain that if, when tlie engine is at rest, the 
relative position of the slide valve T,T',T", PI. IV., Fig. 2, and 
piston, F, is such that steam will be admitted to a certain side of 
the piston^ through one of the steam passages, and will make the 
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engine go one way ; then, to make the engine go the d^^r way, 
the valve must be shifted to such a new jxysition as to open the 
opposite steaui jM)i-t and so admit steam to tlie other side of tlie 
piston, instead. 

It is thus also plain, without tracing here all parts of the train 
of pieces from the drinng shaft to the valve, that the A*alve 
must be actuated, in tlie two cases, either by two different posi- 
tions of one piece made to take liold of the valve spindle or its 
rocker-arm ; or else by two different suitably di8j)oscd pieces. 
In the latter case, wliich is the one employed in locomotive, and 
many otlicr engines, these pieces may l.)e eitlier separately or 
sinmltaneously acted u}H)n, to put one of them in and the other 
out of gear with the valve. 

In Stephenson's and other similar link motions the latter 
coui-se is pui-sued. The two Stephens! )n, or "shifting" links, 
one on each side of the engine, are i-aised and lowered simul- 
taneous! v bv one lever in the enfjineer's cab, and thns the valves 
are actuated so as to pi\xiuce forwaixl or backward motion at 
pleasui-e. 

The link and its attachments are thus fonned, PI. XVII., 
Fig. 5. LL is the link, which is an ojwn or slotted curved 
bar. The link is embraced bv a saddle ]>l«K?k, SS, which is 
sometimes hung, or, as in the figure, bonie up by the sup]X)rting 
link A. In either case the link A is attached to o\\^ arm of a 
" Ix^U crank," which turns o\\ a fixed shaft, called the " tumbling 
shaft '* (si»e T, PI. IX., Fiir. '>» *>i' siiiv h»com4»rive), the other arm 
of which is oj>erated on fn>m the *' ftx>t-i>late," where the driver 
stands, to niise and lower the link. 

F is the link bltK-k, attaehed to the lower end of the han^ui; 
riK^ker, /, Fig. 10, by the pin </, and on which the link freely 
sHili^s as it is raisinl or lowereil. The link is thus ri«ndlv con- 
nocted with the three moviug jx^ints P and P*, the eccentric 
rvnl pins, and i}, the Siuidle pin, and has als<.> a movable ctinneo 
tiou with the link blivk jnn, r/, wluve motion depends on that of 
the link. 

(o'i«tructu'n, — heaving further details, whieh here reqiure 
tiH> much to Ik» imagintnl, exivpt to iH»rs«.»ns aln»ady fumiliar 
with the Kvinnotive, to the next example, and mainly until vahx 
nu>tions in ^^Mienil shall be di»s<.*rilHHU we «.»nlv add that tht* 
three pn^jei'tious iu Fig. 5 an.' only sketehos not drawn to scale 
xV scale of fnnn one-/AiA/ to oivc^i jrtA would be appiopriato. 
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C— SURFACE COMMUNICATORS. 

a — ^Plane Conununioators. 

Example XXIX. 

A Oircular Ecceyitric^ Strap^ amd Rod. 

Deacrvption, — A circular eccentric, PL XVII., Fig. 6, gives 
rise to a variable rectilinear motion. 

The figure shows two elevations of the eccentric, which is 
made in two pieces, strongly bolted together, at W, on one side, 
through the projecting halves of the sleeve HIIAF. E — E is the 
eccentric, bearing the rib R— K, which prevents the strap. Fig. 

7, from slipping off laterally. In this rib is the oil groove g. 
Qaita small eccentrics are solid plates, except where the shaft 
to which they are fastened goes through them. This one, which 
belongs to a locomotive, is open, and hence stiffened by an arm, 
a, at its widest oi^ening. In putting together a locomotive valve 
motion, the eccentric has to be set, as will be more fully explained 
further on, so as to give the desired motion to the slide valve. 
This is done partly by a'series of trials. It is thei-efore secured 
to the driving shaft, when properly adjusted, by set screws 
through the holes jp and q. 

We will now show that the eccentric is a substitute for a short 
crank. A hea\y cranked axle, as at Fig. 9, for giving a very 
short motion as a valve motion = 2ac^ or only about equal to 
the diameter of the shaft itself, would be a veiy clumsy and 
costly device, and indeed quite impracticable ; first, for want of 
room if the axle wei'e cranlced again for the connecting rod, as 
in engines with " inside connections ; " and second, because the 
direction of the valve crank arms could not be exactly enough 
determined in advance. 

Now let O, Fig. 6, denote the centre of the diiving shaft, and 
centre of motion of the eccentric ; and let o be the centre of 
figwre of the eccentric. Then o will describe a circle about O, 
with the radius Oo/ and bhvj fixed point on the eccentric will 
describe a circle about O, with a radius equal to itB distance 
from O. Hence, if the strap, SS, and eccentric rod, a— a. Fig. 

8, were rigidly fastened to the eccentric, the pin a would describe 
% circle of six feet radius, more or less. But if, as is done in 
pcftctioe, the strap is secured on the inner circumference^ so as 
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to slide freely on the rib, R, of the eccentric, then the pin a will 
])C actuated back and foith a distance equal to the difference of 
()/t and 0/n, Fig. 6, which, since the eccentric is circular, = 20o. 
This result is the saine as that due to a crank of the length Oo. 

An eccentric is most readily conceived of as essentially ft 
crank, by considering it simply as a crank-pin so large as to em- 
brace the axle, and include the crank arm within it. The eccen- 
tric strap is thus seen to be the counterpart of the strap S, Fig. 
1, which couples the stub-end of a connecting rod to a common 
crank-pin. 

The strap, Fig. 7, consists of two irregular semi-rings, SRP and 
SOK, bolted together at hi. To the upper belongs the shoulder 
P through which is the oil passage 7/^/^, while to the lower seg- 
ment there belongs tlie oil well O, which is chambered out to 
form a reser^•oir inside ; and the bearing, K, for the back esd, 
r,r, of the eccentric rod, r—a. From the two measurementB of 
the thickness, an edge view may be made by the student 

CC shows a ix>rtion of the frnnt end of the eccentric pod 
where it takes hold of the link. Fig. 5, as at P or P'. Here, C 
is a plan or top view, and C, an elevation or side view. 

Con^truetion, — After the full description just given, it 18 
enough to add that the scale may range from owo-Tuilf to <Mie- 
ei<jhth. 

Summing up now the valve train of a locomotive in a skele- 
ton sketch, we have, Fig. 36, A, the driving axle ; the eccentrics 

s 
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i-epi-csented by their ccntrcs e and e\ and crank arms eo and 
e'o ; the eccentric rods, cr and er ; the link, L ; link blodc, l] 
fixed rock shaft, R ; hanging and standing rockers, IW and El 
(78) ; valve stem or spindle, sv ; and valve, v, on its seat ff. Ex. 
XLII. Further on it will be showii how to lay these out in their 
proper relative positions ; though the student can exercise him- 
self on this, with measurements from practice, and with oertaoi 
fixed data, in each case, learned from a mechanic, or engine driver.' 
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Example XXX. 
A Hea/rt Cam, or Eccervtric. 

Descrvption. — This cam is one for producing a uniform 
rectilinear motion from a like rotary one. 

The distinction between a cam and an eccentric is perhaps 
not very closely defined. . 

It may be said, in the absence of fixed usage, that a cam 
wipes or pushes againt the piece which it acts upon, without 
being actually joined to it by a material connection. Hence it 
is often also called a wiper. An eccentmCj on the contrary, 
may take hold of that which it actuates. 

The term heart eccentric, above, is quite indefinite, since 
Tarious heart-shaped curves of different properties may be de- 
vised. A heart eccentric of the kind here required will be 
bounded, on it« acting circumference, by parts of two opposite 
spirals of Archimedes, since the definition of that curve is, 
that for equal angidar motions of its generating point, the 
same point has also a uniform radial motion. 

Construction, — Hence, PL XVII., Fig. 11, let it be required 
to lift and let fall a bar vertically through a space of 9 inches, 
from M upwards. Then lay off from M, downwards, the least 
radius, MO, in this case 9 inches, and thence the greatest ra- 
dius, OG, which must be 9 inches greater, as required, or 18 
inches. Divide the 9 inches from G upward into any conve- 
nient number of equal parts, as eight (not shown), and through 
the points draw arcs from O as a centre, making any one of them 
a complete circle. Divide each half of this circle into eight 
equal parts, each way from OG, and draw radii thmugh the 
poipts of division. Then M, or the point of each branch, will 
be the intersection of the innermost or circle, with OM, the 
radius ; the point 1 of the cam will be the intersection of 
the next, or circle 1, with the next radius, 1, etc., on each side 
of OG, Through the points thus formed, the curve can be 
drawn by an " irregular curve," or by circular arcs, if desired, 
by a repeated application of the problem " to draw an arc 
through two given points," as for example thi*ough 3 and 4, and 
^ tangent to an arc through the points 0, 1, and 1. 
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Tlavinff thus foinid the outer and essential curve of the cam, 
tlic paralld inner one ACD can conveniently be drawn tan- 
g<'nt to nunieroiKs h'ttle arcs having their centres in M46G, and 
a common radius of 1 inch, the thickness of the rim. 

Tlio construction of the feathered arms is ob\aous enough on 
inspection. 

The vortical section through MG is made by simply project- 
ing over from the curved elevation, and laying off the widths of 
the diifercnt j)arts. The similar letters at like points will snffi- 
cieiitly explain the relations of the two figures. 

For further practice let the student make a horizontal sec- 
tion tlirough O. 

b — Developable Communioators. 

Gearing, 

81. Before entering upon the construction of toothed wheeb^ 
either separately or :is acting t<^gether, a few preliminary expla- 
nations of the ]u*inciples of gearing will be given, which may 
make the subject more intelligible, yet without entering into 
the theorv of the subject so fullv as would be done in a woik 
on analvtical Cinematics. 

Clearing is the term commonly applied to any combinatiou 
i>f t^H^thod wheels ; that is, whei*ls fitted with teeth, so formed 
and dispi»sed upon their circumferences as to engage each 
other in ivgular onler, giving a desiivd motion to the wheels. 

S*J. (loariu:; mav be classified: ^V*^ aceordinfi: to the rela- 
tive ]v«sitionsi>f the axes of the wheels; St'<y>n(i. according to 
the dis]»i^iTit»n of the teeth relative to the elements of the oon- 
\ex surfaces of the wluvls. 

.ViVtMtlinc to the fi^rmor classification, the axes mar — 

I. Intersect at an infinite distaui.'e. or he jhiraf/^L 

II. h^.Tcrsect at a tin ire disrance. or simply intersect, 

III. lnto!sccT r.o\vhen\ when thev will not he in the Mffis 

In the first two casts the axes '•'7' be in the same plane. 

SS. In the lirs: c;isi\ :ho whiv'.s m Minted on the parallel axea, 
form *;>?.'- ;;/.rv >-.', and atv of eylindrioal form, PLXX.,Fig.4 

lnthest\N»nd case, the wluvK ha>nng conveiging axea 
of OvMucal form, and tv^nsTitmo V.v/ o^irinp. PL XX^F^.S. 
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In the third case, the convex surfaces of the wheels are 
frusta of hyperboloids of revolution having the given axes 
for their axes, and tangent to each other along an element ; 
that is, they have a common generatrix. See PL XX., Fig. 6, 
where the two hyperboloids i-epresented by AB and CD are 
tangent along the common element Tan, 

In Fig. 4, A and B are the parallel axes of two thin cylin- 
ders, in contact at T, and from which the finished spur wheels 
are made. 

In Fig. 5, V is the common vertex, and VT the common gen- 
eratrix, or element of contact, of two tangent cones, VCT and 
VDT, whose axes are VA and VB. From tangent frusta, as TnO 
and TviD, of these cones, a pair of bevel wheels may be formed. 

In Fig. 6, AB and CD represent two hyperboloids, whose 
axes are AB and ^>(/, and whose common generatrix and ele- 
ment of contact is vin. Then a pair of thin tangent frusta, as 
those having C and A for their bases, and fitted with teeth set 
in the direction of the elements of the respective hyperboloids, 
will act together, though less smoothly than in the two preced- 
ing cases, since the tangents rriS. and mK, to each, at their point 
of contact, as m, will not coincide ; while the direction of the 
revolution of each is that of its own tangent. 

84. By the second classification the teeth are disposed : — 

I. — In the direction of the elements of the surface of the 
wheel. This is the usual case. See Pis. XIX., XX., and XXI. 

II. — Spirally, as in PL XXXI., Fig. 1, 2, where each longitu- 
dinal edge of a tooth of the wheel forms part of a very long helix, 
that is, a helix of very great pitch. 

85. Among special and older forms of gearing are the lantern^ 
Fig. 37, where pins, generally included between two disks, take 
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the place of teeth of the usual form. These may be seen in 
oommon brass clocks. Also the crown wKed^ Fig. 88, where 
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The angular space swept over by a given radins of each wheel 
in a unit of time measures its cmgvla/r velocity / and, from the 
explanation just made about the comparative revolutions of two 
wheels, it is evident that their angular velocities are also inversely 
as their radii. 

%Q. It is quite evident that but little power could be trans- 
mitted fi'om A to B, or the reverse. In other words, if B offered 
great resistance to being turned, A would either merely slip 
upon it without turning it; or, if the two wheels were very 
severely pressed together, their surfaces of contact would be 
speedily ground away. 

In the light of these facts, the object of gearing is to enable 
either wheel to turn the other against a great resistance, and also to 
presene the same relations of motion that have just been stated. 

The gearing itself consists in suitably-formed, alternate ribs 
and grooves on the surfaces of contact of the two cylinders, so 
that they shall not merely be tangent to each other, but shall 
take hold of one another. Let us proceed to see how this can 
be done. 

87. Since cylinders are each of equal cross-section through- 
out, let the revolving tangent cylinders be represented by their 
circular sections, which will be sufficient for all purposes of 
explanation. Then, with A as a centre, Fig. 40, which is double 
the size of Fig. 39, strike two circles, AD and AE, equidistant 
from the circle AC, within and without. Do the like with B, 
as a centre with respect to the circle BC, so that D and E shall 
be points of contact, as shown. 

Now conceive teeth to be formed, as shown, on each wheel, 
and so shaped as to be in contact at C, where their action is 
vwst effectxLal. Also let them be so shaped as to begin and end 
their contact, as at n and o, at equal distances within the circles 
AC and BC. Thus the average distances from A and B, of all 
the points of contact of the teeth which are in contact at once, 
are AC and BC. Hence, wheels armed with such teeth will 
move with the same equal velocity at C, and with the same 
relative number of revolutions as did the original tangent cylin- 
ders, AC and BC. 

Again, the teeth must be equal in width, and equally dis- 
tributed on the two wheek, in order to preserve the same rela- 
tive velocity between the two wheels. Hence the number of 
8 
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tet^ on each whed will be directly as its radius. Thns, if BC 
= 1 of AC, and if the wheel A has 24 teeth, the wheel B will 
have 10 teeth. 

8S. The several parts of the teeth and their governing cirda 
may now be defined. 




The circles which are tangent at C, and which represent tfiB 
original cylinders from which the wheels are formed, are caOed 
pitch-circUs. 

The distance, as ah, between similar points of two eucceBdva 
teeth is xh^ pitch. The pitch is necessarily the same on any two 
wheels that will work together. 

Tlie jiart^, v&pp, are called X\tspoitUa of the teeth ; while thb 
lini'rt, as at K and R, arc their rooti. 

The cirelea AF and BG are the root-otrd^. They aifl a Utdl 
within tlie circles AD and BE, bo that the points of the taetU of 
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one wheel shall not strike the rim of the other wheel on the 
spaces, RT, between the teeth. 

The circles AE and BD are the jxyint-eirdes. 

The portions of the sides of the teeth, as at^a, are the^Jw?^ of 
the teeth. The parts, as from a to R, are ihe^nk^ of the teeth. 

The spaces, as cJ, between the teeth, are a little greater than 
the widths, as aCy of the teeth ; both distances being taken on 
the pitch-circle. This prevents the teeth from getting wedged 
together. 

<S9. It is now necessary to describe the construction and some 
of the properties of a class of curves, which, as will soon be 
seen, are of use in giving the true forms to the teeth of wheels. 

These curves are the cycloid, epicycloid, h}^pocycloid, and 
involute. 

AVhen any curv^e. A, PL XV III., Fig. 1, rolls upon any other 
curve, B, any point, as T, of the rolling curve generates or de- 
scribes a curve of the class called Trochoids. The abo^e- 
named curves are merely the most familiar and practically use- 
ful trochoids. In their formation, either the rolling or the fixed 
lines, or both, are circles. Either one, but not both at once, 
may be a straight line. 

90. The cojmrwn cycloid, or simply the cycloid^ AK, PL 
XVIIL, Fig. 2, is the curve generated by any point, as A, of 
the circumferen(;e of a circle, as OA, which rolls on a fixed 
straight line, AB. If the rolling curve be any other than a 
circle, the curve generated will still be a cycloid, but the above 
is the common cycloid. A similar remark applies to each of the 
following cases. 

91. The epicycloid^ AD, PL XVIII., Fig. 3, is generated by 
a j)oint. A, of a circle, AO, which rolls upon a fixed or base 
circle, AB. The two circles may have any rclative size. The 
epicycloid has two varieties, the external epicycloid. Fig. 8, 
where the centres, Q and O, of the given circles are on opposite 
sides of their point of contact, A ; and the internal epicycloid, 
Fig. 4, where those centres are on the same side of the point of 
contact. In the latter case, the rolling circle is the larger one, 
and its concavity roUs upon the convexity of the fixed circle. 

92. The hypocydoid, AK, ak, AK', PL XVHI., Figs. 5., 
6, is the curve generated by a point, as A, or a, of a circle, OA, 
which rolls on the interior of a larger fixed circle, AB. 

93. The involute, AC, PL XVIII., Fig. 7, is the curve gen- 
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erated by any point, A, of a straight line, AD, which rolls upon 
a fixed circle, AB. It is thus the curve described by any jwiut 
of a thread when unwound from a circular plate. This is, 
strictly, the ccyinmon involute. If the fixed curve be any other 
than a circle, the involute would be an involute of that curve. 

The construction of tliese curves by points will now be ex- 
plained. 

Problem IIL 
To Construct a Cycloid. 

First Construction, — Let AB, PI. XYIII., Fig 2, be the base 
line, and OA the rolling circle. By the definition of the curve 
set off from A, on tlie circle, spaces — 1 ; 1 — 2, etc., equal to 
— 1 ; 1 — 2, etc., on AB. When the corresponding i>oints, as 
2, 2, coincide and become the point of contact of tlie circle and 
base line, tlie centre, O, will be at the point 2 on the line OD, 
parallel to AB. This line is thcrefoi-e divided in the same 
manner as AB. Also the ix>int A of the circle will then have 
risen to the wuiie height above AR that the point 2tl now has, 
and hence will be found somewhere on the line r/7, thnmgh 2, 
and parallel to AB. The like is true for other points. Hence 
take the successive points 1, 2, etc., on OD as centres, and the 
constant radius, OA, and describe arcs, which will be parts of the 
successive positions of the rolling circle, and where these arcs 
intersect the horizontal lines 1 — I, 2 — 2, etc., will be points 1, 
2, 3, etc., of tlie cycloid. 

Second Construction, — ^To avoid acute and indistinct inter- 
sections, as at 1 and 7 on the curve, make ah = tv/, ef=. gh^ etc., 
t^> find the points of the curve, instewl of drawing the euooes- 
sive positions of the circle OA. 

Fundamental properti<!Ji^ apparent on insjiection. F7rstj The 
distiince from A to where the point of the ciriile iigain coin- 
cides with AB is evidently equal to the lengtli of the circnm- 
fereiice of the rolling circle. Se^^ond, The extreme distance^ 
8 — S, of the curve from the base line is equal to the diameter 
of the rolling circle. T/n'rd. AVhen the centre O moves imi- 
fonnly on OD, the generating point, 0, moves most rapidly, bodi 
on the curve and in the direction of AB, when at K, aa il 
obvious on comi>ari8on of the spaces — 1 ; 1 2 
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7 — 8, etc., on the curve, which correspond to the equal spaces 
0—1, 1—2, etc., on OD. 

Problem IV. 
To Construct an Exterior Ejncycloid. 

Let Q,P1. XVIII., Fig. 3, be the centre, and QA the radius of 
the base circle, and let OA be the rolling circle. The con- 
struction, as may now be seen by inspection, is so exactly analo- 
gous to that of the cycloid that detailed description is 
unnecessary. — 1, etc., on the circle OA = — 1, etc., on AB. 
When 1, 2, etc.,ion AB come to be points of contact, 1, 2, etc., 
on 00 are the corresponding positions of the centre of the 
rolling circle. 00 is drawn with QO for a radius, and Q 1 — 1 j 
Q2 — 2, etc., are its successive radii, through 1, 2, etc., on AB, 
to find 1, 2, etc., on 00. Then, as in the cycloid, the point 2, 
for example, on the epicycloid AD, is found at the intei'sec- 
tion of the arc 2 — 2i with the arc having the centre Q, and 
radius Qd ; or by making db^=.cd. 

The fundamental properties are the same as those mentioned 
in the last problem. 

Problem V. 
To ConBtruct an Interior Ejncydoid. 

Here, again, PI. XVIII., Fig. 4, the construction is so similar 
to that in the two preceding cases, that it is sufficient to point 
out the given parts. 

Tlie circle QB is the fixed base circle. The circle OA is the 
rolling circle. As it rolls, its centre O descnbes the circle QO. 
The points, 0, 1, 2, etc., on the circle QO, are the successive 
pc>sitions of the centre O, when 1, 2, etc., on the circle OA 
come to he the points of contact. AD is the epicycloid, and, 
as before, when 2, on circle OA and 2 (;?) on QA unite as a 
pt>int of contact, A will have removed as far radially from the 
circle QA, as 2 on OA now is from the circle QA. Hence A 
will be foimd on the arc 2 — 2, having Q for its centre, and at 
its intersection with 2 — 2 having {Jc) 2, on circle QO for its 
centre. Or, as before, make ab'=-cd and ef=igh^ to find the 
points 3 and 4, for example, of the epicycloid. 
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Tbi? see«:»irti profettr m Piob. IV. must here be modified to 
re:^ thar the extreme distance of this epicycloid from the base 
eirele will be eqizaJ to the difference, BE, of the diameters of 
the roITiDg and ba^e GudeB. 

Pbdblem YL 
T*> C^matrmd any Hj/pocydoid. 

The ecvftmetiofu Fl XTHL, Kgs. 5, 6, is again so closely 
anisklv'ipxfi^ to die preceding cases, that it only seems necessaiy 
&.> pt;£iit oat die different casesw AK, Fig. 5, is the hypocycloid 
^reoerued by die point A of the circle OA rolling from A 
tv^ward^ B on the inner side of the circumference QA. The 
circle OD is the padi of the centre, O, of the rolling circle. 
Equal distances.^ — 1 , etc, = — ^1, etc., are laid off from A on 
bv^h einde6^^ and any point, as 4, of AK, can be found at the in- 
ter^eetioii of the arc as A — 4, with centre Q, and the arc, as 
4-— 4* with centre 4 on OD; or by making ai=od. Observe 
that when, as in this case, the radius, OA, of the nJHng circle, 
is ftH^r^ tAttn Ai^/' of QA, that of the base circle, the hypocy- 
cUnd. AK, and the motion of the circle OA, are on opposite sides 
of tlio initial radius OA. 

In tlie same figure, ai is the hypocycloid, constnicted just as 
U*fon\ generated by the point a, of the circle oa, which rolls 
towanls ft, on the inner side of the circumference Qa. Here, where 
the mdius of oa is I^ss than half of Qcr, the motion of the circle 
( Vi^ and the hyixxjycloid, ak^ are both on the same side of the 
iuitirtl nulius iki. This result prepai-es the mind to apprehend 
t\w iutonuodiate case, shown in Fig. 6, where the radius, OA, 
of tlio nulling circle is Just halfoi QA, that of tlie base circle, 
aiul tJio hyiMHU'cloid becomes a diameter AK. 

Tilt* fundamental properties mentioned in Prob. III. hold 
jjtHHl foi* the hyiXKjycloids. 

Problem VII. 

To Construct the Involute of a Cirde. 

Lot tlio ciivlo OA, PI. XYIIL, Fig. 7, be the fixed circle, 
mid AO iIh^ h! might line which rolls upon it. As in the pre- 
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ceding problemB, the rolling spaces of AD, and the correspond- 
ing circular arcs rolled upon, are necessarily equal. Hence set 
off equal distances, from A on AB ; draw a tangent to the 
circle, at each of these points ; and then, with 1 on AB as a 
centre, and 1 A as a radius, describe the arc Aa to intersect the 
tangent 1 — 1 at a. With 2, on AB, as a centre, and 2 — a 
as a radius, describe the arc oi, giWng h on the tangent 2 — % 
In like manner any number of points on the involute AC may 
be found. AC, as thus found, is, of course, not a perfectly true 
involute, since the radius of the latter should change at each 
instant; but neglecting the slight error of taking the chords 
1 — A; 2 — 1, etc., on AB as equal to their arcs, the points 
a, J, 3, etc., of the involute are exact 



Theorem X. 

In aU the curves just desoHhed^ the tangent^ at any pointy is 
perpendicular to the line from that point to the corresponding 
point of contact of the rolling and fixed lines. 

This theorem becomes evident by simply considering that 
the rolling circles are of an invariable fonn and size, and 
hence, as in PI. XV III., Fig. 2, afford a geometrically inflexible 
connection between any point, as 4, of the cycloid, etc., and 
the corresponding point of contact, 4, on AB. That is, the 
chord mt (fty Fig. 3) is a fixed line for the instant that t is the 
IX)int of contact of the rolling circle and base line. In 
other words, m (f) is at the same instant about to describe a 
circular arc about ^ as a centre. Hence a perpendicular to mt^ 
at m, will express the direction of this instantaneous circular 
effort, and will, therefore, be the tangent at m. 

Like reasoning applies to Figs. 3, 4, and 5. In the case of the 
involute, the point i, for example, evidently tends for the in- 
stant to describe a circular arc about 2, on AB, as a centre. 
That is, the tangent to the involute at i is perpendiciUar to the 
line be. 

Theoseic XI. 

77^ relative position of two circles is the same^ whether one 
7vUs over a certain arc of the other y which is fiocedy or both re- 
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volve on fixed centres tUl they have had the same amouni of 
contact as before. 

Let the circle A, PI. XVIIL, Fig. 8, roll over the arc G'C, 
on tlie circle B, which rfiall be fixed. CD', etc., = c'rf', etc.; 
C'G' = c'g\ and the radius AG' will be found at A!g\ Now 
turn the entire system about B as a centre till the line of 
centres BA' lias returned to its original position, BA. The 
point g' will then appear at g • A' at A ; eg' at Gg / C'G' at 
CG ; gAB will be equal to //' A'B, and Q'g = CG. But the 
latter result is just that which follows from the revolution of A 
and B on their centres, while in contact, without slipping, at C. 

Thus the relative position of the two circles in the two cases 
is the same, as stated in the theorem. 



Theorem XII. 

The relative position of three circles^ which inaintain acorn- 
monjpoint ofcont^ict, is the same, whether oneofthein is fixedy 
or ail revolve on their centres. 

Let B, C, and A, PI. XVIIL, Fig. 9, be the centres of the 
three circles. If A roll on B, from D to D', we shall have 
d-UV = DC, and every point of d"d' will have been in contact 
with DD'. If the circles C and A maintain the same pr»int of 
contact, d, that point will be found at d\ and C at C. If, then, 
the circle C roll from its position Cd' to C"d% we shall have 
d"d"" = d"d' = D'D. Hence, if circle C roll on B from D 
to D', we shall have d"d"" = D'D =d"d. Thus, when tlie 
centres ]?, C, and A have in this manner reached B, C", and A', 
the circle C has virtually rolled on the exterior of B, and the 
interior of A, and over an equal length of arc on each. 

Kow revolve the entire system about B as a centre, from the 
position BC"A' to BCA, and D'D will ai)pear at DD" ; d'i 
at dA.l"\ and d"d'" at dd\ and we shall have DD" = dd'" == 
dd". But the result DD" = dd^ is jnst what follows fri)m the 
revolution of B and C on their centres with purely rolling con- 
tact at d. Also DD" = dd'" expresses a like motion of B and 
A, and dd* = dd'" a like motion of C on the interior of the 
circumference of A ; which satisfies the enunciation. 
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Theobsm xni. 

In the roUing of three circles, with a common point of con- 
tctety a/ny point of the inner circle wiU describe an epicycloid 
upon the circle on which it rolls^ and a hypocycloid loithin the 
remaining circle. These curves wilZ be the proper curves for 
teethj acting tangent to each other^ to give a rolling motion to 
the circles to which they belong. 

The separate motions of the pairs of circles, B and A, PI. 
XVIIL, Fig. 10, being seen, when analyzed, to be as explained 
as in the last theorem, it is clear that the point of contact, m {d, 
Fig. 9), of the inner circle. A, will describe an epicycloid, as 
Q'A' on the circle B, which, after revolution of the system from 
BR' to BR (BA' to BA, Fig. 9), wiU appear at QA.*' Also that 
the same point of contact, m, when circle A rolls from A" to A' 
(circle C, Fig. 9, from C to C", or, whaj; is the same, from C" to 
C), will describe the hypocycloid d'h', which appears at dh. 
But note that for the three circles to have constantly a common 
point of contact, is for A to roll simultaneously upon B, and 
within R. Hence the point m of the circle A simult^ineou^ly 
generates the epicycloid Q'A' (QA) and the hypocycloid d^h^ 
(dh). These curves, thus having at each instant one common 
point, will therefore be constantly tangent to each otlier at the 
position for the moment of that point. And as their common 
normal constantly passes through the common point of contact 
of the three circles by Theorem X., as mh passes tlirough m, it 
follows that the constant contact of QA with dh will maintain a 
constant contact of the circles B and A. For h and q are 
always at the same distance from m, on the same line m (^h). 

We have now the following fundamental theorem of gearing. 



Theorem XIV. 

When any circle^ less than either of two given pitch-drdes, 
rolls on the exterior of both, and on the interior of both, it wiU, 
in the former case, generate the forces of the teeth of both wheels, 
and in the latter their flanks. 

This theorem is little more than a slight expansion of the 
preceding, expressed in technical terms. The epicycloid QA, 
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PL XV ill., Fig. 10, being external to the pitch-eircle, B, any 
small portion of it, limited by 2^ point'circle^ concentric with B, 
and a little larger than it, would be a face of a tooth of B. 
Likewise the hvpocycloid, dh^ being internal to the pitch-circle 
R, a small portion of it between that circle and a conoeatric 
rooirdrde (88) within it would be the^Tii; of a tooth of K. 

Now it is obvious that, if the same circle A were to roll apoa 
R and within B, similar results to the foregoing would follow ; 
which proves the theorem; since, by the last theorem, these 
ounces would always have a point of contact. 

The circle, as A, Fig. 10, which thus carries the generating 
point of the tooth-curves, is called the describing circle. 



Theorem XV. 

Involutes are proper ^curvee for the teeth ofuiheeU. 

A general proof of this would be that die rolling si 
line EN, PI. XYIIL, Fig. 11, any point of which generates an 
involute, is but the extreme case of the rolling circle, viz., that 
in which the radius is infinite. But the generating line does 
not roll directly upci the pitch-circles, since the teeth would 
then be wholly exterior to the pitch-circles. Ilence the gen- 
erating line is taken, as at EN, tangent to haee^rd^e within 
the pitch circles of the wheels, and containing the point of con- 
tact. Any point, as rf, on the line EN, will then generate the 
involute, de^ of the base-circle, BN, of the wheel B; and the 
involute ^of the base-circle, AE, of the wheel A. 

Any other point, as n, will generate the involutes F and G. 
Now, as all involutes of the same circle are equal curves, and as 
the common generatrix of both involutes, whether d or n, is on 
the line EN, the point of contact of any given pair of involutes 
will be on EN, and thus F and G may simply be regarded as 
new positions of the involutes f and ^, caused by a rotation of 
the circles having A and B for their centres. 

Now this result secures a rolling contact, or an equal velocity 
of circumference, at C, and hence an angular velocity of each 
wheel inversely as its radius, for we have by the definition of 
the involute 

e* = 6N-*N = (fN-7iN = E;i^Ee?=EF-Er = rF; 
or, ^i = rF ; that is, the circumference velocities of E and N 
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are e^uaL Bu^, by the similar trlmigleB, AEC and I3XC, the 
nulJi uf the pitch-circlea are to each other as the radii of the 
baBe-uirtfle& Hence the eircumfereuce veliK-ities of the pitch- 
circlee alBo are equal, which secures their rolling contact at C, 
as stated and required. 



Theorem XVI. 



Tfte tveth act hy sliding contact, <md iheia- point of contact 
ie on the generating line. 

FirHt^ That the teeth of wheels act by sliding contact 
is evident from PI. XVIII., Fig. 10, where, when the wheels 
A and E revolve through the ore MQ=nwi, the portion, Qy, of 
the face curve uf the teeth of B has heen in contact with every 
point of dh, since both are, as hefore shown, genei-ated sinml- 
tajiu"uely |jy the same point -wt. But Qy being obWously 
much Iiiufi^r than rfA, there must have been a eliding contact 
between them, equal to the difference of their lengths. The 
same pnipevty is evident in the action of invohite teeth, PI, 
XVIII., Fig. 11, since, for the instant in which all parts have 
tlie j«>sition there shown, the velt>cities of rf as a point of rfN, 
generating d^, and as a point of d^, generating fr, are as the 
naoineutaty radii d^ and rfE. 

iSecond, The point of contact of the tooth cnrves is always 
n the generating circle, simply because one and the same point 



\jalt that circle is the c 



ti generatrix of both. 



TUEOBEM XVII. 



^ T«^h,form^ hy eith&r of tk^ preceding methods, give a eon- 
}ani angular velocity ratio to tlis wheels whieJt carry tltem. 
This hiis, in effect, been already shown for wheels with in- 
[ Tolute teeth, PI. XVTIl., Fig, 11, by means of the similar tri- 
\ angles iVEC and BNC, in which EX constantly peesea through 
[ O, and therefore BC and AC, tlie radii of the pitch-circles, are 
L eonstant aeginents of the line of centres, and always propor- 
I tionst to BN and AE, which are constant. 

For the case of epicycloidal teeth, see PI. XVIII., Fig. 10. 



li'J TTT-iifc\, T u or 

= 1. 



W:.iL •;£ :• • th. -mi pircL circle = — or — 

^ 11 15 

« 8 
= il **' 15 

ii^I '.en-^di of i*>Ah face = — or -- 

10 15 

- - - flank = — or — 

10 15 

9»:. For trheej? •:£ v^ry fe^ teeth, the teeth shoald be longer 
th^:: rlit^se : rw rti*. c^ jr^^=^» '-^ order to afford a sufficient arc of 
aot: ;r- The vvcmu' c j^jnerarrix of the tooth curves being on 
tho Josorib:::^: oir:!^ as A. PL XVIII., Fig. 10, or straight line, 
as KX. F'^. II. the teeth may be limited by simply assuming 
aiiy > i:;:, as «. Fi^r. !•'. or -7, Fig. 11. according to the direction 
ot* p.'curvi: v> iisiderei where o»>ntaet shall begin or- end, and 
draw'tii: :he iviiit oirvle • -f the wheel, as B. through that point 

i*7, WVa^ii the dos^'rll'i:^: cirvlo of the teeth is equal to either 
j:i\ vii j>itoh oirv'lo, the hyiy<\wli>iJ generated by a given point 
of ir !\\liu»^>> ti» that x>»':r.r itself, since evidently no rolling mo- 
tiv>ii of tho lU^s^TibiiiiT oirv-le can. in that case, take place within 
the iviujil pitoh oirx'le. 

1>S. Wo have now all the data necessary for detennining the 
forms oi tho ttvth of wheels, ou any given pitch circles^ or lines^ 
lis in tho o:iSi* of a rack. Moreover, if we consider a bevel wheel 
Hs i\M\\jH^\l of indotinitely thin laniinie. of decreasing size, and 
^HM'iHnulioular tv» tho ;ixos of the wheels, any tn-o corresponding 
laiiiimv amy Ih> reg-anlod as a pair of spur-wheels, whose teeth, 
\\\ tho priuoipal jHnnt of o^mtaot. #.<-•.. on the element of contact 
of tho piloh ov^nos, will Ih? in the same plane. And if we fnr- 
thor n»^anl a spiral gear ^S4^ as comjx>sed of such laminie, each 
Hrt an iudotluitoly small distance, angularly, in ad\'ance of the 
pnM'oiling ono, those lamina?, also, will be merely thin spur 
whivOs. And, tinally, plane sections of h^-perboloidal wheelsy 
juMpoiuUruhir to their axes, and tlmmgh a common point on the 
i»ltMiionl of contact of the pitch hyj>crl>oloids, will be simply 
HPtir wh(H»ls, only not lying in the same plane. 

Iloiioo tho fi»n*gi>ing principles are sufficient for eveiy case 
with wliioh wo have to do. 

lUK 'i'luvc cases are as follows, for all forms of spur gearing; 
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and the solution in each case follo\^^ directly from Theoremg 
XrV. and XV., or from the simple modifications which result 
from making the describing circle equal to luHf of a pitch 
circle, or equal to a pitch circle, or infinite, i,e.^ a straight line, 
as in involute teeth. 

I. — General Solution, 

1. Common Bpur-wheeU — PI. XXI., Fig. 4. — In the general 
case, use the same describing circle, D, for both wheels, making 
its diameter less than the radius, BT, of the least pitch circle, 
Theor. XIV., in order that convex faces may act against concave 
flanks. Then the foAies of their teeth will be the epicy- 
doids generated by a point, as T, of D, when rolling on the 
exterior of each pitch circle ; and their jlanks will be the hypo- 
Cjfdoids generated by a point, as T, of the same circle, when 
rolling on the interior of the pitch circles. 

3. A Spur-wheel with an Annular Wheel, — The teeth of the 
spur-wheel would be formed as in the preceding case. The 
pitch and point circles of the annular wheel, PI. XXI., Fig. 7, 
would be within its root circle, and the faces of its teeth will 
be hypocycloids, and their flanks, epicycloids. 

Thus, the face, T^, of the spur-wheel is generated by the 
point T of the circle D, rolling on the exterior of the pitch 
circle Tp'. The Jlank^ Tc, of B, is generated by T as D rolls 
-within Tp'. The face^ TJ, of A, is a hypocycloid generated by 
T as D rolls within Tp, the pitch circle of A ; and, finally, the 
flank, Ta, is generated by T as D rolls on the convex side of Tp. 

3. Spur-wheel and Rack. — The spur-wheel teeth being as 
before, both faces and flanks of the rack teeth will be cycloids, 
generated by the rolling of the same describing circle on both 
sides of its pitch line. The student can, therefore, readily con- 
struct a diagram of this case, which should be made to scale 
from assumed measurements. This can be done after reading 
the example of the spur-wheeL 

n. — The Describing Circle equal to half the Pitch Circle. 
!• SpwMioheds, — In this case, the flanks of the teeth of both 
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wheels will be radial and straighty as in PI. XIX. The faces 
will be epicycloids, and, by Tlieor. XIV., the faces of either 
wheel, and the flanks of the other, will have the same describing 

circle. 

Such wheels may be more easily made, but they hare the dis- 
advantage over those formed by the general solution, which is 
shown in the following — 



Theobem XIX. 

Ayiy two wheels of the same j>itch, fnvmed hj th^ general 
solution^ with a constant describing circle^ will worJc together; 
hut one made by the second solution will work lyevfectly oviy 
with those of on-e other number ofteeth^ and the sam^e pitch. 

To prove this, suppose a wheel. A, of 40 teeth, to be adapted 
to work with one, B, of 50 teeth. The describing circle, a, for 
the faces of B to act upon the flanks of A, Theor. XIV., will 
have for its diameter the radius of A. Now let C be a wheel of 
70 teeth, and of the same pitch as A and B have. 

Then the faces of B, to act upon the radial flanks of C, should 
be e[)icycloids jj:enerated by a p<.)int of a different describing 
circle, c, whose diameter will be equal to the radius of C. Thus 
the faces of B will be different, according as it is to drive A or 
C. But by the general solution both faces and flanks of all the 
wheels are formed by a point of the same describing circle, hence 
any two of them, of the same pitch, will work together. 




2. Spur^v)hed and Rack. — ^Let A be tlie pitch line of the whedi 
and B that of the rack. Let CT be the describing cirde for 
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thO' faces of the T(ick and^;i^ of the wheel. Then tlie former, 
ahj will be cycloids^ and the latter, radii of the circle OA. 

Now, under the same solution, the radius of the rack pitch 
line being infinite, the radius of its describing circle will be 
infinite also, and this circle will coincide with BT. Hence the 
radial flanka^ aCj of the rack will become perpendicular to BT, 
and the /laces of the wheel, being generated by a point of BT, 
will be im^olutes of the pitch circle OA. By Theor. XVI. the 
contact of the teeth will be in the line BT, during the arc of 
ajfproachy when tlie rack drives / and during the arc of reces- 
sion when the wheel drives. Thus, during a part of tlie action, 
the teeth come in contact only at a single point of each, which 
LB disadvantageous, by occasioning unequal wear. 

The application to annular wheels is too obvious to need de- 
tafled rehearsal. The student can construct the case. 

ni. — The Describing Circle, eqiial to aneofthe Pitch Circles. 

1. Pinr-ioheel and Spur-wheel. — Let A and B be the centres of 
two pitch circles, in contact at T, and let the circle A also be the 
describing circle, and^, a position of the generating point of a pair 
of tooth forms. Circle A, attempting to roll within itself, will 
have no motion, and the resulting hypocycloid fl^xtdi of A will 
be only the pointy. But let the same circle roll on the exterior 
of B, and the same point, ^, will generate the epicycloidal fa^, 







ftf of B, whioh will always be in contact with a linear pin, 
po^endiciilar to the paper at j?, the contact beginning at T and 
9 
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C'litiiuiiiig t<) the left, motion being in tliat direction, w 
shown. 

Complete teeth being thus formed, B would drive A in either 
direction. 

Were A to drive B, the piu^ would push against the face jpt 
during the are ofajyproach towards T. 

If, as in the practical case, the pins of the pin wheel are of 
sensible diameter, as at P, the face curve, PK, of the teeth of B 
will be within the former one, K', and nonnally equidistant from 
it by the radius of tlie pin P. 

It is found in practice, that the friction during the arc of 
approach is more injurious than during the arc of recession. 
Hence the pin wheel is usually the follower. 

2. Pin-wheel and Rack, — ^Either may drive, and, by the 
last principle, the pins will be given, in each case, to the follower. 




Fjo. 48. 



Then, first, let the rack bo the driver. The pitch circle, AT, 
will then be al:fo the describing circle of wheel A, whose teeth 
w^ll be linear pins, as before, and the teeth cun-es of the rack 
B will be cijdoiiU^ whose base line is BT. 

Second : let the wheel drive. The describing circle -will then 
coincide with the ]>itch line of the rack ; and hence the tooth 
curves of A, l)cing generated by the rolling of BT upon the 
pitch (circle, will l)c itivoluies. 

In each case, the tooth cune corresponding to a pin of sensi- 
ble diameter could be obtained as before; but in the last ease 
X\\e derived involute would be identical in fonn with the primi- 
tive one. 

S. AnntJar Pin-wheds, — It is readily obvious, that if thft 
annular wheel drive^ its teeth curves ^vill be hypocyoloidal. If 
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tlie annular wheel be a follower^ the tooth curve of the other 
'W'heel will be the internal epicycloid generated by rolling the 
co?icave side of the pitch circle of the annular wheel upon the 
convex side of that of the driver. The final curves in everv 
case being at a normal distance from the primitive ones, equal 
to the radius of the pin. 

In every case, of course, the rim of the whedj or racJc^ must he 
hoUowed out between the teeth^ to allow of the passage of the 
pins. 

rV. — Solution hy Involute Teeth. 

1. Spur-wheeU. — These have been mostly explained already 
(Theor. XV.). It need only be recalled here that outlines of 
involute teeth consist of only a single curve, instead of a sepa- 
rate face and flank, uniting at the pitch circle. These teeth are 
also stronger than others, being wider at the base. They also 
possess the valuable property of aUowing the same wheels to 
m^ork together with a constant velocity ratio, though the distance 
between their centres be changed. This arises from the facts 
that all involutes of the same circle are equal curves, and the 
Ixise circles may be constant while the pitch circles change ; 
and tliat the common generatrix of botli involutes which are in 
contact, is the same point on the same line, which rolls succes- 
sively on the constant base circles. This may be easil}'^ made 
l)erfectly evident by a figure similai* to PI. XYIII., Fig. 11, 
only in which the distance AB shall be changed. 

Since, however, the pressure between involute teeth is always 
in the direction of the generatrix, EN, that being their common 
normal, a component of this pressure will act in the direction 
of the line of centres ; while in other fonns of teeth their pres- 
sure, where most effective, that is, in passing the line of centres, 
is perpendi<mlar to that line. 

Involute teeth are therefore considered less advantageous for 
the transmission of great pressure than for the transmission of 
motion, for which they are especially adapted. 

2. Spur-wheel and RdcJc. — Let AT be the pitch circle, Fig. 
44, of the wheel, and AC its base circle. Let BT be the pitch 
line of the rack, and HT/i, tangent to AC, the generating line. 
Then the involute, HIv, will be one of the tootib curves of A, 
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Tlie base circle of the rack is at once concentric with BT, and 
tangent to IIT. That is, it is infinite, and its contact with HT 




Fio.44. 

is at an infinite distance from T. Hence, when HTn rolls upon 
this base circle, any point, as II, will merely describe a recti- 
linear involute, as U^ai, perpendicular to HT, which will there- 
fore be the form of the side of the rack teeth. 

Since the rack moves in the dii'ection BT, while the contact 
of the teeth is on HT, the contact of the teeth will not be at a 
single point as in the second solution (IL). 



Example XXXI. 

To construct the Projections of a Spur- Whed^ seen first per- 

pendicularly and then obliquely. 

After the preceding explanation of general principles, PL 
XIX. may serve as a full example of the operations of drawing 
a spur-wheel. It may be asked : why make an oblique eleva- 
tion? Fig. 2. It would not be necessary in case of a single 
wheel, but some of the different wheels of a machine may 
sometimes be in planes which are obli(iue to each other. Hence 
the draftsman should by all means be competent to make any 
oblique view of a spur-wheel, or of any other part of a machina 

PI. XIX. represents a spur-wheel of 28 teeth and a pitch of 
2i inches. 

Then the radius of the pitch-circle will be — 

2^x28 = 11.14 inches. 
2* 
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Let the scale be from 2 to 2^ inches to the foot, according to 
the convenience of the student ; or, from one-fifth to one-sixth 
of an inch to an inch. 

On some accounts, as in taking off unusual fractions of the 
inch more exactly, it may be better to construct a diagonal 
scale of feet, inches, and Sths of inches. 

The scale of the plate is 2^ inches to the foot 

Descrijption and Construction of the Circles of the Wheel. — 
Q'a\ Fig. 1, is the radius, 2^ ins., of the inner circle of the hub. 
Cb' is the radius, 4J ins., of the outer circle of the hub at its 
end, and is seen in plan, Fig. 2, at C"J. Cc' is the radius, 4f 
ins., of the outer circumference of the hub, = B"c in Fig. 2. 

The circle of radius C'c\ or, simply, the circle Cc', is also 
the projection of the circle of junction,e;?"n'',Fig. 2, of the hub 
^with the feather, or rib, which connects the hub, arms, and rim 
together. C'^', 5f ins., is the outer radius of this rib, where it 
surrounds the hub, that is, of the two circles containing the 
points I" and K", Fig. 2. Likewise Cg' is the radius, 8f ins., 
of the edges of that part of the rib which is attached to the 
under or inner side of the rim. These edges contain the points 
T" and P', Fig. 2, and lie in the planes gg and AA, Fig. 2, plan. 
C'l is the inner i-adius, 9 ins., of the rim, also of the circle jy, 
in Fig. 2, and through U", Fig. 2, elevation, where the rib 
joins the iimer surface of the rim. Finally, 07', 11.14 ins., =' 
11^ very nearly, is the radius of the pitch-circle. The other 
rndii are found by construction. 

In making the drawing, a tooth may have any position rela- 
tive to the vertical centre line KS ; but, if bisected by that line, 
as in the figure, the equidistant teeth un each side will be on 
the same level ; which will much lessen the labor of making 
Fig. 2. 

It is only strictly necessary to make one quadrant, as XS, of 
Fig. 1, and half of either plan, since M"Y is an axis of sym- 
metry of Fig. 2, El., the portion above and below being just 
alike, while the vertical diameters of the several circles of the 
wheel, above described, and projected up from C",B",A". 
D",D"',A"", etc., divide the projections of those circles, in 
Fig. 2, symmetrically ; so tliat, for example, the point on the 
left side of tlie wheel, corresponding to Q" on the right, would 
be as far to the left of the vertical diameter through D", D'" as 
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Q" is to the right <»f tliat diameter. But it will be more ele- 
mentary ami easy for the leanier to employ the whole plan; 
though either upper quarter of Fig. 1, El., is sufficient. 

With tlie scale and size of plate here shown, take C, not over 
13 J ins. by the scale fn^m the top and left-hand borders, and 
then draw, very finely and accurately, the circles above de- 
scribed. 

Divide the quarter pitch-circle, Z7", into seven equal parts ; 
or, to avoid puncturing this quadrant by repeated trials, make 
the di visit ai on any exten«n' and concentric quadrant ; and draw 
segnionts of radii, very fine, through the points of division. 

Take one of these divisions of I'l" as a scale of pitch, and 
divide it into 15 equal pai-ts; fii-st into five equal parts, and 
then each fifth into thi*ee eqiml parts, all very exactly. 

Let the width of a t(x:)th on the pitch-circle, as at V\ bo -^ of 
the pitch, and the space between the teeth the remaining -j^. 
Then, on each side of each point of division of the pitch-circle, 
as r,r',/'", lay off ^^-fifteenths of the pitch; and test the widths 
of the teeth to see that each space is just -j^ c>f the pitch scale 
wider than a tooth. Or the wh<>le ]>itch may l)e set off succes- 
sively, on the pitch-circl(», fiom each side of the t<M)th V towanls 
the one at /", or from /", likewise, towards the tooth /'. Thus 
all the pit(;h-circle points will be located. 

For mere purposes of graphical construction, the faces, as v 
and v\ of the teeth may be (rircular arc^?, whc^se radius is the 
pitch, and whose centres are on the pitch-circle. These arcs 
extend from the pitch-circle points, just foun<i, to the j>i>int' 
tuixlt\ which is thus found. The extent of the teeth, beyond 
the ])itch-circle, is 5.i-fifteenths of the i)it(;h. Then make V ii\ 
equal to 5i-fifteenths of the pitch, and draw a new circle 
through ia\ with C as a centi\>, for the outer limit of the faced, 
as w\o" . 

The flanks, as w'y"\ are here mdial lines, whose inner limit id 
the root'iuixU^ C'X*'/ fcjund by nuiking Vh' equal to C^-fifteenthd 
of the pitch. 

At this stage of the <fonstruction, the entire rim, with the 
circles of the hub, making the key-seat of any suitable size, may 
be inked, <»bserving the obvious }>osition of the heavy lines. 

This done, proceed with the construction of tlie arms and 
connecting-rib as follows : Let the ta]>er of the arms be such 
that, if produced to the centre lines, XY and ES, they would 
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there be 5 ins. wide, and 4 ins. wide at a distance, as C'^, of 5} 
inches from C. 

The ribs, as R', upon the arms, are uniformly IJ in. thick 
throughout their straight part, as seen in Fig. 1. 

The constructions, as at 8, g,j}, and r, for finding the centres 
of the little arcs, by which the several intersecting edges of the 
wheel are rounded into each other, mostly explain themselves. 
It is only necessary to notice that the short portions, as ut\ of 
an arc which is rounded into a straight line, as un', are treated 
as straight ; fs is then a radial line, and ts is perpendicular 
to u?i\ and ut' and ut are equal. The other constructions are 
similar. 

Construction of the Plans, — Only one finished plan, Fig. 2, 
is necessary. To make it, project down all the necessary points 
of each circle in the elevation of Fig. 1, separately, upon sep- 
arate lines, parallel to XY. Then construct the outlines of 
Fig. 2, plan, by the following ineasnrementB : The face of the 
wheel, as at M/w, is 6§ ins. wide. Then, firet, locate the rec- 
tangle Mmm'\ far enough to the right to separate Figs. 1 and 
2, suitably, and make its width 6f ins., and its length equal to 
twice (ym\ Draw its transverse centreline, C"A"", and make 
the hub plan 8f ins. for the extreme length, and 7} ins. for the 
length of the thicker portion cc'^\ 

Construction of the Oblique Elevation, — ^E very point of this 
is found by the elementary operation shown in Fig. 11 ; on the 
one principle that each point, as m'\ is on a perpendicular, mm", 
to the ground line from the plan, m, of that point, and at its in- 
tersection with the parallel, in'm'\ from the primitive elevation, 
m\ of the same point. 

Where many separate groups of points are to be constructed, 
and each group to be shown in separate projections, it is of 
prime impoi-tance, in order to secure ease and accuracy, and to 
avoid confusion, to construct each group separately, and in Fig. 
2, Elev., where each point is found from Figs. 1 and 2, plan, 
the whole construction for each point should he complete hefore 
heginning that of a new point. 

To illustrate, let us take the outermost ring of points m^'S'T. 

Draw any line parallel to XY, below Fig. 1, Elev., and upon 
it project down C, and all the points of the point circle w'S, 
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only. Then transfer these points carefully to fwm!'\ Fig. 2, by 
the dividers, or hy a slip of paper having these points exactly 
marked on its edge. Then draw the point lines of the teeth, 
as 1 — 1 ; 2 — 2, etc. Then project up all the points as 1, on 
in7n"\ one at a thne, and project over the same points, as to", 
from Fig. 1. The intersection of these projecting lines will give 
1", etc., on the oblique elevation, Fig. 2. In the same way find 
all tlie points of the point circle, m'S — mm'" — m"S". Hien 
take a new line below Fig. 1, Elev., and parallel to XT, and go 
through a similar round of operations for finding the pitch 
circle jwints. In like manner, also, every point of Fig. 2, Elev., 
is found. It is only necessary to transfer the horizontal projec- 
tions of the different circles of Fig. 1, each to its proper plane 
in Fig. 2, plan. Thus, by is the plane of the circles Ca' and 
C'ft', of Fig. 1. B"(j is that of G'c\ Fig. 1. The latter cirde k 
also laid off from D" as centre, in ffff^ in Fig. 2, plan, to give 
the intersection, through II", Fig. 2, Elev., of the hub with the 
rib. This rib is shown in plan. Fig. 2, by the dotted lines gg 
and M, H in. apart. Then the circles C'e' and Cg* are both 
laid off, both on ffff and AA, to give the front and back edges, 
through I" and K", and through T" and Q", of the visible 
parts of the rib. C't' is laid off on mm"' for the front circle, 
i''i"j of the rim ; on JJ^ for the intersection of the web and 
rim, and on MP", fi>r the back circle through P', of the rim. 

The horizontal arms which are only seen edgewise in elevation, 
Fig. 1, are seen flatwise in plan, and are thus drawn : At their 
junction, as «''*'", with the hub, they are Of ins. ^vide. They 
tai>er from a width of 6f ins., if produced to the axis, as at 
A"A"', to a width of 4| ins., at the distance of 8f ins. from 
the axis. Their extremities are rounded as shown in Fig. 2, 
plan. To find their oblique elevations, use their principal points, 
i>n Figs. 1, Elev., and 2, plan, that is, such points as t and L, 
where their straight and curved eilges join. 

Further directions might only cimfuse the subject. By full; 
understanding from the foregtnng how any one point of Fij 
2, Elev., is found, all can be found, since all are constructed f 
the same wav. 

VTo only add s^^me ways of checking the work. First 
lines IML<^ tlmnigh a p^nnt in sjxice, their projections, on i 
plane, will contain the similar pn^jeotion of that point. Ue 
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|bll tlie flanke on Fig. 3 should raditite from A'", tlie projection 
" f C',A", the centre of tlie face ai the wheel. Sw4in<l. Each 
rcle of the wheel will be verticallj piv)jecte'i mi Fig. 2, in an 
llipse, which can be readily found, by constnietioii froia ite 
1 (26, 27), and then points of these eirelea, as OO", or 
N",canbe projected up from Fig. 2, plan, or over from Fig. 1, 
Elev., Tipon these ellipses. PordonB of the curved edges of the 
web were thus found in Fig, 2, as that through e',c,(f". Coin- 
pare also corresponding radii, as D'"!!", which is the same line 
as the radius C'G', Fig. 1, Third. The thickneee of the rib 
being everywhere the same, the lines gh, ef,\\s., etc.. Fig. S, 
plan, are parallel, hence their vertical projections, as I"K", or 
Q"T", are of constant leiigth. That ia, having any front circle, 
' B points of the corresponding back circle, in Fig. 2, Elev., are 
1 by laying ofiF a constant horizontal distance from its 
mt points. Thus the back points, M",0", etc., of the teeth, 
ii fer as %T8ible, are found by la_'i'iDg off the constant dis- 
plce, M' W, fi-om their front points. In like manner P' is 
ind from P". Also, G"H", the vertical pmjection of GH, 
I'GODstant; as so is P"tr", the vertical projection of PU. 

^ 100. Introductorily to the next example, we will here ejq>lain 
B in <Jfctail than hitherto the formation of a bevel wheel. 
Let V, PI. XX.. Fig. 7, be the coram<.n vertex of a pair of 
level wheels, and Vi the generatrix of the primitive cone from 
i frustum of which the wheel is fonned, and let VV" be the 
Oifi of this cone and of the wheel. This cone will then ho the 
'ieh cone of the wheel. Let \d be the generatrix nf \_\\e point 
e ; and V^ that of the root cone. Let the enas i.>f the teeth, 
vhose lengtli is bo, be conical surfaces, normal to the pitch 
Then dV" and nY' are the generatrices, and V" and V 
e vortioes of these cones. Now let the five generatrices, thus 
• deecribed, revolve abfuit the common axis W". The 
h and / will respectively generate the outer point, 
pitch, and root circles ; and n, o and j> will generate the inner 
point, pitch, and root circles ; and all of these circles will be 
perpendicular to the common axis V V". 
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Example XXXII. 

To construct t/ie Projectioiia of a Bevel Wheel whose axii 
is jperpendioular to the vertical plane. 

Let W" — O' be the axis of the wheel ; let the following be 
its mcasiireineiits, laid o£F to a scale of 2} inches to 1 foot, = 
-^ of ail inch to 1 inch, or of | or \ of an inch to 1 inch, as 
may be most convenient. Make \a = 10§ inches, and {ib = 
am =11^ inches, and draw JY for the extreme element of the 
pitch cunL'. /ah is then the horizon till projection of the outer 
or gi-eater pitch circle. Draw iV" ixjrpendiciilar to ftV, and 
JV" will be the extreme or horizontal element of the coue con- 
taining the outer or larger ends of the teeth. 

AVitli centre V" and radius V"J dniw an arc JC, which will be 
the development of a portion of the i>itch ciixjle, inbj conside^ 
ed as the base of the cone \"vil. 

With centre, O', and radius, O'V = ahy draw the vei'tical pw- 
jection, nhn'h\ of the outer pitch circle, and divide each quad- 
rant of it into five equal parts, to i>btain the i»itch ; since the 
wheel is supposed to have i^O teeth. Lay *>[T this pitch, which 
by nieasuremcMit is Z% inches, once, on iC-, from i, which will 
give the point 13. 

Adopting the finer proportions given in (1)5), di^^de JB into 
fifteen equal parts, and lay off seven of these parts fi-om h and 
B, to give the widths of the teeth //A and !>(?. Next, lay off 
Jrf = 5 J of these fifteenths, to give (h a point on the point circle 
rfF. Also Ci-fifteenths fi-oni h to/* giving/', a point of the nnit 
circle /'D. Make fh = \\ inches, for the thickness of the 
conical rim which bears the teeth, and draw the arc, AE, of the 
deveU>pment. 

We now have this set of fonr parallels to the ground line, 
viz. : dd'\ the outer point circle ; J/n, tlie outer pitch circle ; 
ff\ ^'^^ outer root circle ; and hh'\ the outer rim circle. Pro- 
ject np the three foremost of those, only, since the rim circle 
is hidden in vertical projection by the rim itself, giving the 
point circle, O'd' ; the pitch circle, 07/', already projected, mid 
Oy^, the root circle. 

Keturning to the plan, draw </V, y* V, and AY, and on JV 
make ho ^^ inches, for the length of a tooth. Then draw 
V'e?w, parallel to V"J, for the extreme element of tlie cone 
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containiDg the inner ends of the teeth. The intersections of 
this line, with those already dra^v^l to V, will be the extremi- 
ties of the inner point circle, nG ; the inner pitch circle, oH ; 
the inner root circle, j?I ; and the inner rim circle, qK. The 
vertical plane face, j'K, of the wheel, is, however, rounded into 
the cone of the inner ends of the teeth by a concave doable 
curved surface, as indicated by the curve at gp. Hence pro- 
ject up only the three foremost circles, giving the inner circles, 
0>', OV, and OW. 

Now, each point of division, as y, made in finding the pitch, 
is the middle point of a tooth, on the outer pitch circle, in or- 
der that, for convenience, the vertical line, O'V, shall be an 
axis of symmetry of the vertical projection. Then make 
yX' = yu = i JA, the width of the tooth in development, and 
do the same at each other similar point of division. Also, for 
each tooth make the point at 8, where the outer point circle is cut 
by the radius, as O'y, and make «M'= 8v'= -^FF", the width of a 
tooth at the point. Since the development shows the true form 
of the ends of the teeth, the curves, as M'N' and u^v, may be 
drawn with sufficient accuracy, as circular arcs with their centres 
found by trial on the pitch circle ra'u'h^ taking care that all of 
them shall have the same radius. 

The fianks of the teeth being radial plane surfaces, as indi- 
cated in the development, their planes will all contain the axis 
NY" — O', and hence their vertical projections will 8imj)ly be 
the straight lines, as u'W ^ limited by the inner root circle 0'p\ 
and converging to O'. Add the point lines, as M'Q', also con- 
verging to O', and the iimer face curves, as Q'^", drawn as M'N' 
was, that is, with centres now on the iimer pitch circle 0'o\ and 
the vertical projection of the teeth will be complete. To find 
the elevation, only draw the eye of the wheel with a radius O V 
of 3f ". LV is the key seat, of any suitable size. 

Before constructing the plan, it must be understood that it 
represents the wheel with the upper right-hand quadrant cut 
out ; so that the part to the right of W" shows the lower 
right-hand quarter, not seen in tlie elevation, and a section in 
the horizontal plane 0'd\ 

This being understood, project down the outer points, as M' 
and v\ of the left-hand half of the elevation, upon the outer 
point circle dd'\ as at M and v^ and through these points 
draw the point lines, as MQ, towards V. Project down the 
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pitch poiuts, ad X' and u\ upon the outer pitch circle, hm^ and 
draw the outer flank lines, as NP, towards V", giving the root 
point, as P and R Thence draw tlie visible root lines, as RS, 
towards V, and limited by the inner root circle pL Having 
gone thus far, the inner pitch points, as ^, may be found in 
three ways : first, by projecting down from their elevations, as 
t ; second, by drawing the inner flank lines, as S^, radiating 
from V ; third, by making tlie intersections of the imaginary pitch 
lines, as ut^ drawn towards V, with the inner pitch circle, ^H. 

As the teeth are seen under various angles, no two on the 
same quarter of the wheel will appear alike, and the face 
curves, as NM, must be sketched by hand. 

As the teeth on the right-hand lower quarter are vertically 
under those of the right-hand upper quarter, the latter will 
serve equally well for purposes of projection. Thus, project 
down the points, as T', of the inner ends of the teeth to find T, 
etc., on the inner point circle. Likewise project down the 
inner points, as U', to find U, etc., on the inner pitch circle, <?H. 
Then draw the face curves by hand ; and the flank lines, as 
UU'', radiating towards V ; and the visible portions, as TT", 
of point lines, radiating from V. 

To complete the plan, make the length, Ki, of the hub=6 
inches; its gi-eater radius, Jd^ 6| inches, ii = i an inch, and the 
radius at ij = ^i inches. 

Tlie portion Tr"pfhj^ is the generatrix of the united hub and 
rim, by revolving about the axis W". The rim is further 
bound t<j the hub by four arms, which bridge the annular open 
space generated by V'f'h, These arms are 2 inches wide, 
therefore make Tck" = 1 inch ; IK' and V'h are edges of arms; 
and l"w^ a minute distance, strictly, to the right of ?, is the 
intersection of the side of the arm with the cylindrical sur&ce 
of the hub. It can be constructed by projecting down from a 
fragment of the hub and horizontal arm, easily made in verti- 
cal projection. 

Example XXXIII. 

To construct the Projections of a Bevel Wheel, seen obUjuely 

relative to the vertical plane. 

Boo PI. XX., Fig. 2, where like points have the same letter 
In both projections, and on Fig. 1. 
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^* Begin with the plan, which ia simply n copy of that in Fig. 1, 
except in being in a different poeiticni relative to the groimd line, 
and in ehowin^ the parts on both eides of W" alike. W" is 
thus nn axie of symmetry from which the various points on the 
geveral circles of the wheel are laid off, each way, on On, ot, 
j>S, al. etc., which are at the same distance apart, and from V, 
^^ure the same lines in Fig. 1. 

^^^^he plan being thus simply made, the elevation may be made 
^^^klly, or in part, in any one of three ways, but best by a com- 
^Vfeation of any two of them ; either serving as a check upon the 
other, and some points being found beet by one method, and 
eome by another, according to their positions ; having regard to 
1^1^ principle that the lines of constniction, wliich determine 
^^^H point, shonld form as large an angle as possible with each 

Wtf^rat Met fiod. —Every point of the elevation may be found 
' ^ the elementary operation of projecting up the points of the 
plan, as P, into horizontal projecting lines, as p'j)', from the 
same point on the elevation in Fig. 1. In tliis case, the lines of 
eonslnictioii will always meet at right angles ; but two things 
must be noticed : first, to avoid confusion, only one point at a 
time, as MM', for example, should l>e projected np. and pro- 
jected over from the elevation. Fig. 1. It is a bad practice 
to draw a great number of projecting lines from l!ie plan, 
and then a great many from the elevation, Fig. 1, hi'fo're 
noting any of their intersections. Second, by this method 
quite a number of iu^nsible points of the inner ends of 
the teeth must be marked on the plan ; by finding them 
It on the plan, Fig. 1, by projecting down from the eleva- 

mnd Method. — By any of the familiar methods, consfmct 

ir-ST) the six ellipses, as m'N'J' and G'T'n', in the elevation, 

Jiich will be the vertical projections of tlie six visible tooth- 

rcles of the wheel. Thus the semi-ellipse m'Wb' has for its 

lOi-LranHverBe axis K'T" = ah, and for its conjugate axis m'i', 

vertical projection of mb. After constructing these ellipses, 

B points of the teeth found upon them, as M',N',P',T',U',8', 

lay be conveniently projected up fn>ra the plan, for the teeth 

■ the highest one ; and over from the elevation, Fig. 1, for 

) near the ground line. And the points thua constructed 

|du^ lie Joined (w /(Mf, (M fovnd. 
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Third Method. — After coiistnicting any two rings of pomts, 
but prefenil)ly those of the larger ends of the teeth, by the first 
or second method, all the remaining points can be found by 
projecting them from the plan, or from the elevation in Fig. 1, 
up<.>n the lines meeting at O', O", and O'". For these points 
are the vertical pmjections of the three vertices, V, V, and V", 
to one or another of which every straight line of the wheel 
tends. 

Thus, having found M' and N', for example, by the first 
method, Q' will be the intersection of M'O', with a projecting 
line from Q, or from Q', in Fig. 1. 

By this method, certain invisible points of the elevation must 
be temporarily found. Thus, find the innsible back root point, 
P", and then S' will be the intersection of P"0', with a project- 
ing line from S, or from S' in Fig. 1. 

But some of the points may be found by the intersections of 
these converging lines with each other. Thus, having found 
S'" as before, t" will be the intersection of 0"S"', produced, 
with W(y. Or, better, finding t" first, S'" will be the interseo- 
tion of P'O' and fO". 

Fourth Method. — This merely consists in applying the prin- 
ciple, in connection with the other methods, that for the same 
8fd<i of the same toothy lines as 0"'N' and O"^' are parallel. 
Thus, having N'O'" and N'O', the point t'' may be found as the 
intersection of 0"f\ parallel to 0'"N', >vith N'O'. 

101. To constntct the oblique projection of the foregoingj or 
any other object^ hy imng only three prryections, proceed M 
illustrated for a semicircle only, in PI. XX., Fig. 3. Then let 
AB be the horizontal projection of a vertical semicircle. Let 
a'b^ be the ground line of an auxiliary vertical plane, parallel to 
the plane of the semicircle, and on which the latter Avill there- 
fore be shown in its tnie size, as at a^e^b\ Let A'B' be Ae 
gn)uiid line of a vertical plane oblique to the semicircle, and 
on which the required projection is to be found. To do this, it 
is only necessary to project up the several points, A, C, E, etc., 
of the plan, and make their heights, M'C, CE', etc., equal 
to mc\ o'e\ etc., on the principle that the different vertieal 
projections of the same point are at the same height above tlieir 
respective ground lines. 

102. Minor modifications of the eonstraction jost given 
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obvious. Thus, AB might have been parallel to the plane A'B', 
and then the oblique elevation would have been at ae'h'. 
Again, tlie plane A'B' might have been made parallel to AB, 
and the plane q!V parallel to the present direction of A'B/, in 
which case, i^in, the highest of the thi'ee figures would have 
been the oblique elevation. Finally, let a'V be brought down 
parallel to itself, near to AB ; let A'B' be carried up parallel to 
itself ; and then let AB be placed parallel to the present posi- 
tion of A'B' ; and then the middle figure will be the oblique 
projection. 

Practical Forma of the Teeth of Wheels. 

103. After all the foregoing statement of only the main 
points in the theory of the teeth of wheels, it must be acknow- 
ledged that in practice they are bounded by circular arcs. In 
empirical practice these arcs are taken arbitrarily, and even 
absurdly. In scientific practice they are taken so as to conform 
as closely as possible to the theoretical outlines. 

104. The theory as above given is thus abundantly useful, as 
leading to the detennination of proper approximate arcs. And, 
on the other hand, the length of an epicycloidal or involute arc 
forming the limits of the side of a tooth in a real wheel is so 
small, that, except for very lai'ge wheels, the circular arc, how- 
erer finely traced, would sensibly coincide, except, perhaps, 
mider a magnifier, with the theoretical curves, within these 
small limits. 

A not uncommon empirical method for constructing the 
faceSy lih'Q flanks being radial, is to describe them with the 
^ pitch for a radius, and the centre in the pitch circle, as in Ex. 
XXXI. 

105. Among scientific practical methods, the following are 
the principal, if not the only ones : — 

Fvrst : Construct templets^ as T, Fig. 45, that is, thin pieces 
of hard wood, carefully shaped to the exact curvature of the 
intended pitch circles and describing circle. The latter of these 
templets, C, carries in its circumference a firm, sharp tracing- 
point, jp. Then, by rolling it successively upon the pitch ten>- 
plets, the correct face curves of teeth are traced mechanically, 
and by rolling it on other templets of the same curvature, but 
eonoave on their curved edges, ihe flanks of the same teeth will 
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be traced; in both cases upon a board on which the pitch 
templets are held, so as to coincide with the pitch circles traced 
upon it. 

A templet can then be cut to the form of the tooth, and used 
in tracing the outlines of the ends of the teeth on the rough 
pattern of a wheeL 





Via. 4B. 

Second : Having traced a face and a flank, as above, take 
three points on each, and by the familiar method construct the 
circular arc passing through those three points, and it will 
approximate very closely to the theoretical curve. 

106. Both of these methods would evidently be nearly or 
quite impracticable, except for quite large teeth; while the 
second is rather vague, owing to the somewhat arbitrary a^ 
sumption of the three points. Besides, by the insensible slip- 
pings of the templets, and minute instrumental errors, the sup- 
posed true curve might be more erroneous than a circular ap- 
proximation made from a single centre by some simple rule. 
Therefore — 

Third : Let the approximate circular arc be described from 
a mean centre and radius of curvature of the theoretical teeth. 
These data can be determined analytically, and thus each tooth- 
curve may be struck at once with a single centre and radius. 
This method has been proposed by Euler and Bedtenbacher, 
and one adapted to practice was foimded upon it by Prof. 
Willis (Principles of Mechanism), and conveniently embodied 
in an instrument called the odontography the theory and use of 
which will next be briefly described. 



HAOHIKS CONSTBUCnOH AND DKAWINa, 



Thbobeh XX. 

Cwtndar tooth-curves, with centrea on a lino through tha 
jxnnt ofconiaet of the pitch cvrdea, vnU give a sensibly eon- 
atarU velomty ratio to those ovrdes. 




Let A md B, Fig. 46, be the centres of the pitch circles, 
whose contact is T. Through T draw Nn, and make TK = Ti, 
perpendicnlar to N», and less tlian either pitch circle radios. 
Draw AK to N ; AA, giving m; BK, giving M ; and BA to n. 
Also draw BK perpendicular to Nn. Now conceive the system 
Bn/ nmR; Am to be jointed at n and m, and on the point of 
taming about the fixed centres, A and B. For the inetant of 
occupying the poeition shown in the figure, we have 
nA: <fcT :: nB: BK. 

But as ^ ifi a fixed line, this proportion simply shows that T, 
alone, is the fixed point of Nn for the instant, or, in other 
words, is the intersection of two consecutive positions of N». 
And, as T ia on the line of centres AB, while nN is a common 
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normal to a pair of to^th curves, when their centres, as M andN, 
or m and 7i, are t^n that line, it foUo^ns, from Theorem XVII., 
that such t(X)th curves will give a constant angular velocity 
ratio for the instant in which T is fixed as above described. 
These curves being quite short, this vel(K*ity ratio will be sen- 
sibly constant during the short period in which they are in 
contact. 

TK = T/: is less than either AT or BT, merely to throw both 
of a pair of centres, as in and w, on the same side of the tooth 
curves B, so that one of the latter shall be convex towards the 
concavity of the other. Then, this being understood, the 
remoter centre is that of the concave tooth cune, which, of 
course, is tiflaitk. But each wheel must have both faces and 
flanks. Hence for one face and flank pair, acting together, the 
wheels are momentarily represented by the linked anns Am 
and B;j / giving ?/i, the centre of 9^ face of A, and /i, the centre 
for the corresiK>nding flank of B. Conversely, for the other 
pair, the wheels are represented momentarily by the arms AN 
and BM ; giving il the centre of a face of B, and N the centre 
for the corresjX)nding^/j&wX' of A. 

lOG. If we take the contact of the tooth arcs a little wav 
from T, on the opposite side from in and ;i, there will be a 
corresponding pair, at the same distance to the left of T, 
so that the action will be exact at two points in the total arc 
of action ; which will give abundant accuracy of acti<m at aD 
points. 

107. Assuming the total arc of action to be about twioe the 
pitch, in all cases, the contact of the first pair of tooth curves 
may be at a distance from T equal to half the pitch. 

Finally, the angle /iTA is found experimentally to be best 
fixed at 75°. 

By calculating and tabulating the distances, as ?i.T and MT, 
for wheels of various sizes, and by graduating tlicm on the 
odontograi>h, PI. XXI., Fig. 2, the final adaptation of tluB BJB- 
tem to practice will be made. 

These distances are easily fomid, as follows.* 

* Willifl* Prindples of Mechaniam, p. 186. 
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I 

Pbobleu VIII. 
To find tits liadii of the Tooth Curvet. 

Let TK = a ; BT = R 
TM = and BTR = • 
Then itoca. the similar triangles, BRM and KTM. 
TM:MR :: TK : BR. 
Whence TM x BR = MR x TK 
But MR = TR - TM; BR = R sin « and 

TR = R cos •. 
Hence, by substitution, TM x Rain • = Rcce« x TK — 
TM X TK. 

Or TM (R sin • + TK) = TK x R cos -. 

From which TM = ^^^4-^1^ (!•> 

It only remains to show how the length of TK should be 
governed. Now, in every systematic manufacture, a certain 
series of pitches, and numbers of teeth, will be adopted, as suf- 
ficient for all ordinary cases. The greatest pitch and number 
of teeth will determine the greatest wheel, and the least of both 
elements will determine the smallest wheel, and by various 
combinations of the two elements, wheels of almost any inter- 
mediate size can be made, while the radius can be immediately 
found from the formula 

where P = pitch, N = number of teeth, and E = radius. 
'TK, then, is so taken that for the least wheel of a set, AK shall 
be parallel to TN, thus giving a flank centre at an infinite dis- 
tance from T, and hence a straight flank for tiie least wheeL 
Denote the least radius, AT, by r, then 

TK = r sin «, 

which, substituted in (1), gives 

TM = ^^^^* (2) 

In like manner, beginning with the similar triangles fiXfT 
and nBK, we shall find 
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rn TK X E COS «, , « „ 

TiT = r——, — — ? and finally, 

Il8in« — Tlv •'' 

rp _ R/* COB « , 

where «. = 75°. 

108. By assuming a series of valnes of pitch and numher of 
teethe tlie vahie of R, for each number of teeth, with ea4ji given 
pilch, can be found, and substituted in (2) and (3) where r and 
« are constant ; and tlms a series of values of MT and nT may 
]>e obtained and tabulated, expressed in twentieths of an inch 
as on the edge of the odcmtograph, PL XXL, Fig. 2. 

Such tables accompany the instrument, which may be obtained 
from mathematical instrument dealei*s. 

109. Teeth thus formed are analogc^us to those of the Jirst or 
getiend solution^ in having both faces and flanks; but more 
closely in that any two wheeh of the same pitch, h/iHng teeth 
thxis formed, wUl work together. This appears from Fig. 46, 
where, if AT, the pitch radius of one wheel, be changed, it will 
only change ?/i and N, the centres of its own tooth arcs. 

M and n, being the centres for a fa<ie and a Jlnnk of B, all 
the other faces and flanks will liave the same radii MT + J 
jyitch and nT -f ^jntch, and their centres will be in circl68| 
through M and n, with B for their centre. 



Problem IX. 

To find Centres for appro:cimate Involut^e Teeth, 

By making KT = CT infinite, Fig. 40, BM and Bn wfll 
coincide with BR ; and the two centres, thus united at R, will 
become that of a single arc. A t<x)th profile of two arcs can 
have a point of exact action for each arc (100), bnt now, with 
one arc, there can be but one such point. Let T be that point, 
then RT the tooth radius = R x cos «, where R = the radius 
of the wheel. Now as the angle 7^TA = «, is somewhat arbi- 
trary, assume it at 75^ 30', which is otherwise convenient, and 
cos * = i veiy nearly, which gives 

RT = "27 a very simple value. 



I 

\ 
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Fhat is, in approximate involute teeth, let the base circle be 
angent to a line, BC, Fig. 47, making an angle of 75° 80' with 




Via, 47. 



the line of centres, AT ; and let the tooth radius, BT, = J AT, 
the radius of the pitch circle DT. 

111. An odontography ETF, for this case, accompanies the 
larger one. Its angle ATB is made = 75° 30', and its edge 
TB is graduated in quarter inches ; so that the radius of the 
wheel being given in whols inches, the same number of quarter 
inches, read ofF from T, when the ann AT coincides \vith the 
radius of the wheel, as in the figure, gives the tooth centre B. 

Having divided the pitch circle, for the teeth and spaces, all 
the other tooth curves will have the same radius BT, and their 
centres will be in the circle AB. 



Example XXXIV. 

To construct Teeth, having separate Faces and Flanks, hy 

the Odontograph. 

Let the two wheels be denoted by their centres A and B, PL 
XXL, in each illustration. Let Ya denote face, and Yl, flank 
in the notation of the figures. The general proportions of the 
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teeth given iu the example of the spur-wheel are followed as 
closely as ueed be for illustration, rememberiug that 5^15th3 
= a little more than one-third, and 6J-15ths, a little more yet 
(of the pitch), while a tooth occupies a trifle less than half the 
pitch on the pitch circle. 

The odontograph angle, OTH, is ^ot given here of its true 
value, 75°, so that the student by only following the text care- 
fidly, and using the figures of PI. XXI. as guiding sketches, 
will be able to construct the figures accurately. 

JF^irst : In Fig. 1, let the wheel A have a radius of 6 ins. and 
20 teeth. Then the pitch is equal to the circumference divided 

by the number of teeth = ^^ = 1.88 ins. 

^ 20 

As the pitch must, of course, be the same for both wheels, 
and as pitch and radius camiot be given, lest they should afford 
a fractional number of teeth, which it would be impossible to 
have, we must have given Xha pitch and number ofteeth^ as 12, 
for the other wheel. The product of these gives the new cir- 
cumference, which, divided by 2»-, gives the radius, 

P X t 1.88 X 12 o fi • 
= 3.6 ms. 

2»- 3.28 

Now draw any line, AB, for the line of centres, and on it 
place the point T, the point of contact of the pitch circles. 
Make TA, 6 ins., scale J, and A the centre of wheel A ; also 
TB, 3.6 ins., and B the centre of wheel B, and describe the two 
pitch circles with radii AT and BT. From T, lay off ecuA way, 
on each pitch circle, 1.88 inches, for the pitch. Then let a toodi 
of A be just below T ; and, accordingly, lay off, dowrvuxMrdj as 
at T*, from the upper end, as T, of each pitch, as Tdj of wheel 
A, a distance equal to a little less than half the pitoh, say 0.9 
ins. A tooth of B will thus extend from T upward^ hence lay 
off 0.9 ins. upward^ as at Tf/, from the lower end, as T, of each 
pitch, as T^, of wheel B. The two sides of each tooth on both 
of the pitch circles will thus be marked. Next draw the point 
and root circles of each wheel as usual (95). 

The figure is now ready for the application of the odonto- 
graph ; directly, if drawn in full size, or, otherwise, indirectly 
by laying off the tooth-centres to scale. Consulting the Imbto 
of tooth-centres, which accompanies the instrument, and remfim* 
bering that for any given series of wheels having the 
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itemplates no wheel of Ibbb than twelve teeth, and that 
the radius of tlie flanks is infinite, Pi-ob. VIII., we at once 
:e the radial flanks, aa y^), of B. 

the/tct« of B, we have fi-oni tlie table T-Frt,B, ^ in., 

ich givofi the centre, Fo,B {on QO), of the first faee, <ii; on 

other eide of T. All the other faces of B have the same 

LIS, y— FtijB, juat U6e<l, and their centres on the arc with B 

centre, and B— Ftf,B aa a radius. 

For tlie^t«^'« of A, we ha\'e frtun the table i| = 2i ina., 

' ich is laid off from T t<j the point on OQ, marked F/,A, to 

give the centre of the first flank, jnn, of A, on tlio opposite eide 

of T. Then, as before explained (10!)). all iJie flanks of A will 

have radii equal to Fl,A—nt, and with centres on the are 

mgh the first flank centre, F/,A, and with A for ita 



■^ug 
Hlitre. 



'or the/iicet of A, we have from the table 0.6 in,, to be laid 
off from T to Fit,A, t-o give the centre for the first face, si, 
below T of wheel A. Then, a^in, all the other A faces have 
iheir centres on the arc of radius A— Fa,A, and radii equal to 
~ ,A-^. 

this minutely detailed description of one figure, the 
(rs may bo underatood almost wholly by mere inspection, 
point, pitch, and root circles, aud tho divisions of the pitch 
laid out as before. 

Xfttd : In thifl case, Fig. 3, the relative position of the teeth 
Leontact at T is the reverse of that in P'ig, 1 ; the tooth of the 
^^hand wlieel being here just above T. This brings the 75° 
(, as it may briefly be called, which represents tlie graduated 
edge of the odontograph, into the position F/,A — F^,B. This 
Would require the instrument to be graduated on both sideB on 
the edge MX. But this is uimecessary, since it can be appliod 
eepnrately to the two wheels in the position similar to OQ, Fig. 
1, by applying it to any radius, as Tib, ending on the upper aide 
of a t*M)th of B, and to any radius, as Ac, ending ou the under 
«de of a tooth of A ; applying the edge TA, first on Bi, and 
tbcn on Ac. 

I But we will proceed with the figure as shown, it being drawn, 
kbefore, on a scale of J. 

u both wheels, the teeth and pitch are ((iven, from which, 
4)efore, we find the radii, 5.1 ina., and 7.64 ins. The centre 
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of A 18 lost in Fig. 1, the point A on Fig. 3 merely indicates it 
without showing its true position. 

We have then from the table, for the given pitch and nmn- 
ber of teeth, T— FZ,A = |^ = 2 ins., for the centre of tiie^nk, 
ca ; and T— Ffl^,A = ^, for the centre, Fa, A, of the Jiice, de^ of 
A. Likevnse, T— FZ,B = \^ for the centre, F;,B, of the fiamk, 
fg^ of B ; and T— Fa,B = \^ for the centre of the face^ JA, of 
wheel B. 

Having thus found four initial centres, one for a face and a 
flank of each wheel, the remaining faces and flanks are drawn 
in the same manner as in Fig. 1. 

Third : Fig. 4 is varied from the two preceding by using 
a smaller pitch ; and a much larger radius for one of the 
wheels. Also AB is placed differently. 

Having the radius, r, and number of teeth, ^, of the upper 
wheel, we find its pitch 1.6 in., which thus becomes that of the 
lower wheel, which, ha\'ing 24 teeth, has a radius of 6 ins. 

Lay out the pitch, point and root circles, and the pitch points 
as before, and draw OQ to make QTB = 75°. Then, from the 
table we have for the given pitch and numbers of teeth, T — 
F/,A = \\ ill., for the centre, F/,A, of the flank aft, and T — 
F^,A, for = 12i-20ths for the centre. Fa, A, of the face cd 
Likewise, T — F?,B = | J ins. for the centre, F/,B, of the flank, ef^ 
of wheel B, and T— Fa,B = 4J-20ths, for the centre, Fa,B, of 
the face, gh^ of the wheel B. The remaining tooth curves can 
be completed as before. 

Example XXXV. 

To Construct approximate Involute Teeth by the OdofUo- 

graph. 

This case, Fig. 5, is drawn in full size, and represents aj 
pn'iximate involute teeth, as given bv the small odontograp 
Fig. 47. 

As in previous figures, the given data are included by a bra 
The line OQ is drawn so as to make OTB (B, the centre of 
wheel PR, is in Fig. 4) = 75*^:30'. Then, having set out 
various cirflos as before, with the pitch 0.75 iiL, each way f 
T, and divided as before, read off fn^m T, on the gradu 
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edge of the inBtrument, lying on OQ, the same number of quarter 
inches, Prob. IX., that tliere are of whole inches in the radius 
BT, to give a, the centre of the curve, bCj of a tooth having a 
single arc from point to root, the part of which, exterior to the 
circle B — anky represents the involute of ank taken as a base 
circle. In like manner, Td = 2.6 quarter inches, gives rf, the 
centre of the tooth are, efy of the other wheel. 

110. No finished example is here given of hyperboloidal 
wheels (83). Approximations to them are known in practice 
as skeW'bevdSy and consist of a pair of thin conic frusta, each 
tangent on a circle of contact, to one of the given hyperboloids, 
PI. XX., Fig. 6. Teeth are then set on these frusta, not in the di- 
rection of their elements, but in that of the common generatrix 
of the hyperboloids. Also the cones to which these frusta be- 
long have not a common vertex, since their axes are the same 
as those of the hyperboloids for which they are a substitute. 

111. PI. XX., Fig 9, is a fragment of bevel gears, of very un- 
equal diameters. Fig. 10 shows a form occasionally seen, 
where the teeth of B are on the interior of the pitch cone 
generated by mV ; extending from its surface towards its axis, 
and gearing with teeth on the exterior of the wheel A. 

112. PI. XX., Fig. 8, shows a method of communicating mo- 
tion between two given axes, AB and CD, which are not in the 
same plane, indirectly^ by bevel gear, instead of directly by 
hyperboloidal wheels, as in Fig. 6. In Fig. 8, OV is an inter- 
mediate axis, intersecting both of the given ones ; then O is the 
common vertex of the bevel wheels, m and n • and V is the 
common vertex of the bevel wheels, j? and q. As the figure is 
drawn, AB and OV are in the plane of the paper, and CD is 
out of it. 

The parts, n and j!?, of the intermediate double frustum need 
not be in one piece as shown, but may be separate, and any- 
where on OV, to suit the positions of m and q on their axes. 



Example XXXVI. 
Projections of Bevel Gearing, 
PI, XXIL shows a very beautiful example of bevel gear. 
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By lettering like pointB with the same letters, capital or miill, 
ou this and on PL XX., bat little is left to be explained. 

As the flanks are radial^ the generating or describing circles 
in the development are drawn with radii, AT and BT, equal to 
half of the elements, Y"ft, and v"b = v'"Tj of the oones ccmUuii- 
ing the onter ends of the teeth and having the pitch circles, mi 
and Mi, for their bases. 

The pitch cones (100) of the two wheels have a common ver- 
tex V— V", and element of contact V4— V"W. 

Designating the wheels by their pitch circles, or centres, the 
wheel ml/ — 7/i"a" is drawn by first Tn^kiTig its circular projection 
O'. Likewise, Mb is made from the circolar projection, V'"— 
M'rf', of the same wheeL 

The student may assume a scale, and from that determiaB 
the measurements. 

Wheels of given radii act tc^ther better, the more teeth 
they have ; hence, as the arc of action of bevel teeth, at their 
outer extremities, for example, is in the plane V"J»" (perpeo- 
dicular to the paper) and ^•irtually with radii V"J and v"i, the 
action of the bevel wheels, with nominal radii a& and dby n 
equivalent to that of spur wheels with radii V"J and v"b, 

o — ^Warped Ck>ininunioatoT8. 

Example XXXVIL 

27te complete Projections of a Screw and Nut, 

Description. — If a square, Ka — A'a W, PL XXIII., Fig. 1, 
revolve uniformly around an axis, O — O'O", and at tlie same 
time move parallel to the axis, and uniformly, it ^vill describe 
tlio winding or spiral rail, thready or solid ADG gda — ^A'aV^, 
G'O" g"g\ M'M" m'W. This surface is bounded as follows: 
It** oxiter surface, generated by A — A'*', during the movement 
of the square, is cylindrical and vertical in this case. Its 
inner surface, generated by a — ar\ is also cylindrical and 
vortical. Its upper and lower surfaces generated by Ka — s'r\ 
and Ka — A'a', respectively, are called right helicoids : called 
hdicoids from the form of the boimding curves, as ADG — 
A'D'G', which is a helix ; and called right helicoids, because 
jia — A'a' and Ka — r'«' are perpendicular to the axis O — O'O". 
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let equidistant thi<ea(ls, like tbut just described, be 
formed, solid with au iuteriur «yliiider or col's, ad^ — a'TlT'V, 
«ud tbe rt>sult will be a fttjiiaie threaded strew. The height, 
AM', to which the point A ascends, in one revolution arunnd 
the axis, O — O'O", is the j>*<M of the screw. As the spaces, 
u f'G, between the threads must be equal to the threads. In 
:>rder to receive the currespoudiiig tliveads of tlio iutemal 
icrew, Fig. 2, it follows that A'M' inuet be some evou iiuinber 
jf times A'a', the height of a thi-ead, ilere A'M'=6 A'«', aiid 
the fi^ire represents a three-threaded screw, the threads W 
wA X' being separate and distinct, intermediate between the 
elirea<l, A'a's' G-', which reappears at MM" -m." O". 

Fig. %, as indicated in the plan, shows the interiur of the 
^g«)k half cjf (he internal, or hollow or concave ecrew, witltin 
irliich the solid screw works. It, of course, hae the same pitch 
u the screw. 

FVom this deacriptJon, and remembering tliat Ixith motions of 
the gene i-ating points and lines of the threads are uniform, we 
Imve the following constrnction : — 

Uowttruction, — For the screw, begin with the concentric 
semicircles, OA and 0«, of the plan, using a scale of not leea 
than one-half, and divide these semicircles into six equal parte, 
i& shown, to indicate the uniform aiignlar motion of Aa — A'a'. 
Lay off XX = 3" from the ground line, A'N', on a vertical 
line, and dinde it into twelve eqnal parte iitdieating the uniform 
wceitt '?f AA', etc., during a whole revolution. Then A. being 
[)n>jected at A', on the ground line, and on every second line, 
le sV, above it ; B will be pnijected on the firxt, third, fifth, 
rtc, line from the ground line ; C on the ground line and 
jverj second line abuve ; D, like B, and so on. 

At first it may be better to congtruet oul^ one thread in 
ilevatinn aa indicated by A'B'C, etc., which will guide the eye 
n constriiuting the other threads. In any case it will be better 
» complete the outer helices before beginning tlie inner ones, 
linoe only certain portions of the latter are visible. Also, after 
iorapleting the onter helices, the threads are to be distinguished 
Jrom the spaces, by marking tlie former in pencil in some way 
)n both sides, as by the lettei-s W and X'. 

The elements A« — A'o'/ B/^ — B'i', etc., of the heliooidal 
larfaces being horizontal, project up a at a' / ft, at V on the 

AHne, B'i' / c, at c , etc., and for one thread, ciaistruct, com- 
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f that thread, lieirii *:*;:._' a^ at 
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.<2x-rvise explains itself. 
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Example XXXVIII. 
The Abridged Drawing of Screws. 

When either the bc<iIs or the pitchy employed in representing 
a screw, is so small as to make the apparent curvature at points 
00' 6, 6', etc., PI. III., Fig. 9, so sharp as to be sensibly pointed, 
the helices may be thus pointed in vertical projection, or, in 
general terms, in the projection on a plane parallel to the axis 
of the screw. 

The figure illustrates this modification in the drawing of a 
cme-threaded screw of a screw, of 8 inches outside diameter, on 
a scale of one-fourth. 

Similar points in the two projections are numbered with the 
game figure, a very convenient method in many cases. 

PI. III., Fig. 10, represents a triangular threaded screw of 
two threads, to the same scale and dimensions, except pitch, as 
the last one. Here the thread is generated by the isosceles 
triangle, «'6'6", whose base, ao^" , is vertical. In this case, the 
space between two threads extends from the middle of one 
thread to the middle of the next, as from 0' to V . Hence, 
although the screw is plainly ^t^o-threaded, as seen by following 
an outer helix, 0',6',12', yet the pitch, 0',12', is but twice the 
height, a^", of a thread ; while in the square-threaded screw. 
Fig. 9, a pitch, O'J', of double the height, a-h' , of a thread gives 
only a <m«-threaded screw. To have made Fig. 10 /wi^threaded, 
we should have made O'J' the pitch, and made the horizontal 
lines half as far apart as now, and projected 6 upon the hori- 
zontal line through a'. The helix beginning at 0' would then 
have reappeared at V. 

The student should construct a triangular-threaded screw on 
a large scale, as partly shown on PI. XXIII., Fig. 3 ; also the 
internal screw for the same. Strictly, the visible contour of a 
helicoid is curved, being tangent to the successive elements, but 
is nearly straight for so short a distance as aJ / hence it is a suf- 
ficient refinement of construction, unless the scale is very large, 
to make ah straight, but tangent, as at a and h, to the outer and 
inner helices, instead of running from A to n, as in PI. III., 
Fig. 10. 

AU tiie hdices shottm^ hit hy straight lines. — PI. III., Figs. 11 
and 12, illustrate this abridgment The curvature of a helix. 
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*i3 seen in these figni*es, is so slight that the ideft of a screw 
is well suggested by making the helices straight. In Fig. 11 
AC is tlie pitch, and the screw is two-threaded. Points, as e 
and €, are in the same horizontal line, as in PL XXIII., Fig. 1 ; 
and generally all parts are shown just as in that figure, except 
that they are made straight, and therefore only their extreme 
and middle points, as A,B ; e and r, and n, need to be noted be- 
fore drawing them. This is sufficiently done by drawing hori- 
zontal lines at a distance apart, Bi, equal to the thiekneas of a 
thread, together with the five vertical lines through Ao, e, dn, 
ar^ and B ; where oe = aB = Bft, and ^d = df. 

In like manner. Fig. 12 is like Fig. 10. AC is the pitch = 
2x1/"/ Ac = de and AD = Dd, and the horizontal lines need only 
bo drawn at a distance apart equal to ca, 

Tlie student should repeat these constructicms for a on€ or a 
^Ar^^threaded screw. 

AC, Fig. 13, = 4C<? for a two-threaded, 2C<j for a on^threaded 
screw, 6C(? for a three-threaded one, etc. 

AC, Fig. 12, = 2A^= ^ac for a two-threaded screw; A/J for 
a ^w-^-threaded screw, etc. 

Outer Helices oyUy sh<non, — Fig. 14 shows a further abridg- 
ment, where so much of the outer helices, only, as are on the 
front half of the screw are shown. 

Smaller Trian^gidar Screws, — Fig. 15 illustrates a screw with 
triangular threads, in which the greater steepness of the inner 
helix is neglected, and the outer and imier helices are made 
parallel, the former being inked heavy. 

Very SvialZ Screws. — These are represented in Figs. 15-17. 
Sometimes only the helices are drawn, omitting the end lines of 
the threads. The effect is better on the triangular thread, Eig. 
16, than on the square thread. 

Finally, Fig. 15 represents the helices as all equal, parallel, 
and straight, and included between two parallel lines. 

Fig. 17 is a screw bolt, that is, a bolt or short rod threaded to 
receive a nut at one end, and headed at the other. 

Uniform, System of Screws. 

112. The extent to which screws enter into the oompoBitfonoC 
machines, either as fastenings or oommunicaton of inoti(»i|aiid 
the distances fh>m the place of manufactuiw to which inaehiiMi 
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are often tranBported, and at which they must be repaired, make 
it very desirable that, at least for screws used for fastenings, 
there should be a uniform system of threads and nuts. 

Screws used for communicating motion may be subject to so 
many special conditions as to make the use of an invariable 
series of them impossible. 

Such system as that just mentioned is used in England, and 
it is of constantly increasing importance that the like should be 
employed in this country. The following carefully matured 
system, proposed in 1864 by William Sellers of Philadelphia,* 
is therefore given as a contribution to this desirable result. It 
consists of the following notation, formulas, and a table of sizes, 
from which a few examples are here taken. They relate only 
to triangular-threaded screws. 

I) = external diameter of screw. 
a = conBtant sabtrahend, 2.909. 
b = constant divisor, 16.64 

6 = D expressed in lOths of an inch, plus 10. 

1)1.200 

d =r internal diameter, or that at the bottom of the iJireads. =-■ 

p = the pitch, meaning, in this table, the distance between the 

threads. = — r — 



n = number of threads per inch, the nearest whole number to — 

IP = width of the flat top and bottom, that is, of the outer and 

inner edges of threads. = ^ 

{ = least diameter of finished nuts and bolt-heads = perpendicu- 
lar between opposite sides, or diameter of inscribed circle, i D + xV^^^i^ 

h = long diameter of hexag^onal nuts, or bolt-head = diameter 

of circumscribing circle. = { x 1.155 

f = Bo. of square nuts or bolt-heads. =1 x 1.414 

t = thickness of finished nut or bolt-head. = D — iV in- 

The threads are to be truncated as at 

Fig. 48, to give increased strength both to 

the thread and the bolt, and the angle 

aic is fixed at 60°, that being much easier 

i^4a ^ verify than the English one of 55**, 

besides giving a more substantial thread. 
The following table presents a few examples, and the dimen- 
gionB of only finished nuts and bolt-heads. All the dimensions 
in inches and fractions of an inch. 

en a fllyvtem of Bcxiew-ThiMdi Kod Nnte. 
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Example XXXIX 



Endl^a Serewa and Spiral Gear. 

Description. — An axis revohdiig in fixed aupports, and bi»^ 
ing a screw thread cut upon its circumference, ie an endl» 
screw. Because such a ecmw makes no advance in the direc- 
tion of its asia, it will advance or move any yielding piece <« 
which its thread can act. One complete revolution of the acrt* 
will advance the point upon which it acts a dletaace eqnal to 
the pitch of the screw. If, then, the thread engages with b 
wheel whoee teeth are bo set as to be tangent to the threwit 
when in contact with it, the acrew will give a slow rotati<ffi W 
the wheel. 

PL XXXI., Figs. 1 and 2, shows such an arrangemfflt. 
OO'K — 0"K' is a wheel actuated by the screw HAE — BX. 

In this case the screw thread is formed in the usual manner; 
therefore, by taking a section, c'HB, through the centre of tbe 
body of the wheel and the axis of the screw, we shall have ths 
equivalent plane ra<^ driving a spur whceL This problem ii 
here solved by the system of involute teeth (TVth Sol), but 
with the pitch line, LL', or exterior element of the outer i^lin- 
drical surface of the screw as the generating line. The invo- 
lutes of LL', generated by the unwinding of LL' from itself, 
wiU be straight and perpendicular to I^L' as at ac, Fig. 4, and 
the corresponding involute teeth of the wheel will be involntM 
of its base circle, O — O'K, tangent to LL', aa at ai. Fig. 4. 
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Cvrwiruciion. — The screw beiug couatructed ub usual, and tw 
ehown, tbe incUDed tcotb of the wheel are thus dr&wii. First 
lay out the circular elevation, O — (J'K, of the front of tlie 
-wheel as just described, with involute teetli. Then develop 
•ny (MJiivement arc, as AB — AH', of an outer helix of tlie 
Bcrow, into the tangent plane AD — A'a'D'. at A0 — A'D', by 
making AD = AB, and projecting D at D', on «'D' drawn 
rhrougli B', and peri>endii!ular to the axis rt'A'. Then D'A' is a 
tsiigeul to the helix at A'; and, by the properties of tangents 
to a bells, has tbe same inclination to a plane perpendieular to 
the axis, A'H', that the helix hae ; moreover, this inclination is 
ocmstant. 

The teeth of tlie wheel will now be inclined to the straight 
elements of its cylindrical rim by the angle o 'D'A', the com- 
plement of the inclination a AD, of the thread to the screw 
axis A'lT'. 

We now turn aside to rehearee, for convenience, tbe construc- 
tion of a hells, A'B', Fig, 3, from its plan, AB, and de\eloi>- 
mont, A "B", which is straight, and found by unrolling into a 
plane any convenient jiortion of the vertical cylinder ABC — 
A'O'B', on which the helix lies ; so that here A"C" = A3C. 
Tlien any point, as 1, of A'B', is the intersection of the projec- 
ting line 1 — 1 perpendicular to A'C, with the line 1 — 1 paral- 
lulto AC". 

Eetuniiiig now to Fig. 1, and pmceeding Ukewiee, make 
r/D'rt' = 00" and A'D'C = fil>°, to make CD'if = a'D'A', and 
we shall have tbe inclination of tlie teetli of the wheel relative 

the projection, O'O", of its axis, but on the under side of 

Iwheel. 

Draw E' V", Fig. 3, so as to have E'o-'V" = CD'rf = A'D V; 

J E"(t" will then be the development of a portion of one heli- 

liedge of a t^joth of the wheel, analogous to A"B " in Fig. 3, 

r convenience, take the lines Vn', Hf', and K'/>' produced, 

pothers at tho same distance apart, as E'E" and e'e", to cor- 
md to a'a", h'b", etc., Fig. 3. Tlien, by drawing E "«"' 

_«!udicnlar to them, and di^■iding e"e"' into four equal parts, 

E"«" is, we have «"e"' corrrapondiug to AD = AB = 03 
'*-iiA tbe left of the screw) for the screw. Hence lay off 6'e"\ 
i»d its divisions at Yf, on the tangent FG, and so that one of 
MS bIiiiU fall at '•. the point of a tooth. Transfer these 

[Bts to the circle of radius OF, as at FE, and we shall have 
11 
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the horizontal projection, we will call it for the moment, corre- 
sponding to A3B, Fig. 3, of the helical portion whose develop- 
ment is E''e'\ 

The vertical projection, e''E\ is now fonnd just as A'B' was in 
Fig. 3, as is seen by the lines of construction, and the use of 
tlie same letter for the same point. Owing to the very great 
pitch of the wheel, considered as a screw, which it now plainly 
is, e^n'o'VYI is sensibly straight, and FE is sensibly the same as 
Fy! Thus we have verified, by a full construction, the pro- 
priety of making all the longitudinal lines of the tooth of a 
worm wheel, or spiral gear, parallel straight lines. 

Projecting V back to 5, we find cb for the projection of the 
length of the tooth on the projection OO'K. Hence, to com- 
plete that projection, make pq =■ S, and do the same for all 
the teeth, and make the back curves, as from j, the same as the 
front ones, as from jt?. 

Observe that, as successive teeth of the wheel come in con- 
tact with the same thread, B'L, of the screw, and in the same 
relative position, they are not successive portions of the same 
thread, but like portions of different threads ; that is, the wheel, 
considered as a screw, has as many threads as it has teeth. 
Hence the other teeth on the projection, 0"K'L', are found by 
projecting from the other figure, O — O'K, where the teeth all 
appear alike. 

Often the section of the screw thread is of the same form as 
a wheel tooth, that is, with a separate face and flank. In that 
case the wheel teeth would be likewise formed by an appro- 
priate generating circle, acccrding to the fii-st or second solution. 

Further, to give the screw tooth a larger surface of contact 
witli the wheel teeth, tlie point and root lines of the wheel 
teeth, in other words, all parts of the face, 7?/J'KL', of tlie 
wheel, are concave arcs of the i-adii, IIB and Hm, of the screw 
thread. In such a case points would be constructed on the two 
plane sides, K'J' and \Jn\ and in the central section, H^/, of 
the wheel. 

With tliis description of all that is peculiar to the case, the 
student can readily construct, on a large scale, a few such teetL 
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Example XL. 

Detailed Construction of a Tooth in Spiral Gearing, 

Description. — The term spiral gear is applied to a species of spiir 
wheel in which the teeth are formed as in the wheel OO'K — 
0"L'K', PL XXXI. A pair of such wheels, with ^araZ^ axes, 
act together with a peculiar smoothness and stillness, because a 
pair of teeth begin contact at one end, and their point of con- 
tact shifts continuously to their other end, with a rolling motion 
between the teeth, and just as one pair are about to quit each 
other another pair will begin contact. 

PI. XX XL, Fig. 5, shows an approximate form of this gear- 
ing, in which a wheel is formed of a series of thin plates, each 
of which is a spur wheel, but set a little in advance, angularly, 
of the next one, as indicated by the black spaces, which repre- 
sent teeth. 

Construction. — PI. XXL, Fig. C. Let O be the centre of the 
wheel, and O/n., O^, and OJ, the radii of the point, pitch, and 
root circles, Og being 4rf ins. Lay out by curves with any 
suitably assumed radii, taken merely for illustration, the cross 
section of a tooth in plan, at ahcdef (at the left), and let 
there be 20 teeth, and 1^ inches pitch. Make the two radii 
Oa and 0«, 45*^ apart, so that aa shall be one-eighth of 
the circiuhference of the pitch circle. Then let O'O", 
= 8 inches, be the ascent of the tooth section during one- 
eighth of a revolution. That is, the pitch of the teeth 
threads is 64 inches. Then we have only to construct in the 
usual way, Ex. XXXVII. , as shciwn by the projecting lines 
and letters of reference, the six portions of helices, beginning 
at the points «, 5, c*, rf, ^, and/* (on the left). The equal pitch 
for the different radii, 05, 0<z, and Oc is regarded by dividing 
bb and O'O" into the same number of equal parts, four in this 
case. Divide aa, and O'O", each int^i four equal parts, and cc 
and 00" in like manner, also j^ ee^ and dd. Now bf the 
width of the tooth at the root, happens to be the fourth part oi 
hb. Then, by the radii Of/ and Of produced, we find gh = 
one-fourth of aa to be laid off from a and e four times to the 
right; and mn = one-fourth of cCy to be laid off four times on 
mn'' from c and d (on the tooth) 1. 
Having constructed the helical arcs, by projecting up the 
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points thus found, assume PQ as a segment of the face of the 
wheel and all those portions of these helices within its limits 
will be real lines of a tooth. 

As to visibility, the left root curve is visible from b"" down 
to ^5 where it runs out of sight; the left pitch helix is visible 
from a" down to r ; the two point helices are visible through- 
out, and so is the right-hand pitch helix, e'e'\ while the right- 
hand root helix is visible from^^' up to t 

113. In regard to the manufacture of worm wheels, of con- 
cave face, to act with endless screws, the difficulty of represent- 
ing the teeth whose parallel sections are dissimilar, owing to their 
different position relative to the successive meridian sections* 
of tlie screw, is obviated by making a model screw of hardened 
steel, and notched on the edges of its threads. It is thus made 
into a cutter, and will itself cut the proper teeth on the concave 
face of the wheel, when both are revolved together with the 
proper relative velocity. 

By. a similar expedient, and by attaching a cutter to the 
wheel, it is possible to form an endless screw like that shown in 
PI. XXI., Fig. 8, where the threads are in contact with a large 
number at once of the wheel teeth, and in the central plane 
ABC of the two bodies. 

* A Beotion made by a plane oontaining the aada. 
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CLASS IV-REGULATORS. 

. Under the head of regulators^ steam governors might 
illy occur to the mind at once ; but it must be considered 
;ovenior8 are not single mechanical elements in the sense 
3se hitherto represented ; leather they are secondary ma- 
>, attached to their principals, which they govern. That 
truly are machines is evident from the definition (28), 
they always consist of a train of connected pieces, em- 
ig some or all of the following, viz., band wheels, spur or 
wheels, pistons, racks, connecting rods, screws, oscillating 
etc. ; receiving motion as a whole at some point, and 
unicating it through the train of pieces to another point, 
ice, as there woidd be little interest or use in separately 
bing or drawing the essential governing member alone, 
er ball, or fan, etc., the further description of governors 
tponed till the chapters on compound elements of ma- 



A— Point Regulators. 

senior balls belong under this head. 

B — Line Regulators. 



Example XLI, 

A Fly Whed. 

\oAption, — A fly-wheel is here reckoned as reduced to its 
nd that a heavy line. It is an equalizer of velocity by 

an equalizer of worh^ which is its principal function. 
is, when the load is largely or wholly taken off, the inertia 
)ped in the fly wheel, by the gradual increase of velocity 

f(;llow8, results in a storing up of work which is usefully 
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given out in the maintenance of a slowly retarded velocity, 
when a return of the full load takes place. 

The greater the difference between the extreme loads carried 
by the engine, compared with the power of the latter, and the 
less the time in wliicjh the extreme k»ad is brought on, the heav- 
ier sh<»uld be tlie flv wheel. 

Acc(;rdinirlv, the heaviest flv wheels are found in rolling; 
mills for examj^le, where the rolls, Ex. XVII., are alternately 
empty, and run with very little power ; and then full, and ope- 
rating against a prodigious resistance, especially in case of steel 
rolling mills, where rolls nearly a foot thick are sometimes 
snapi)ed in two. 

PI. XXIV., Fig. 1, represents a sketch on various scales; or 
no scale, in some parts, of a sixty-ton fly-wheel at the Bessemer 
Steel Works at Troy, N. Y. " 

It is made in ten segments, as AB and the ann E, weighing 
five tons each. Tlie massive hub, and ten 3-J inch rods, as F', 
make the total weight sixty tons or more ; whereas twenty-five 
tons is the weight of quite a heavy wheel. 

The section of the rim is 19 ins. bv 20 ins., and each seffraeiit 
irt filed sm(x>th at the ends of the rim portion, AB, on all the 
purts which are shaded in the end view, ^/^'. Adjacent seg- 
ments are then strongly ])onnd t<\i^ethor, as at^^r/ — 3/?^", by stout 
links, T),D", made of wronght iron, 2+ ins. scpuire. The inner 
ends of the arms are then tnniod, 15^ ins. long, and 8 ins. di- 
ameter, and keye<l to the hub, as shown at a^ and o. The ra- 
dius rods, F', are likewise keyed into the hub, and heade-d as at 
?/, to set into the head socket n' , 

There being fen segments, no arm will be horizontal if one 
be vertical as at E ; yet to slu>w both a face view, </KL, and an 
edge view, et^ of an arm, and/^ of a radius rod, the two latter 
are shown in a horizontal position in plan. viJcJc" is the hol- 
low interior of the hub, ])orerl on the two sides as at ah — a'V to 
receive the main shaft, to which it is heaA^lv keved. 

Cunjffrttrtion. — Three segments, or at least two, should l)e 
constructed in full in both i)rojections, and on a scale of n<it le* 
than /lu/f ((ti inrh to one foot. The section pt/ of the rim 
mav well be made (^n a scale of one inch to one f(K>t : and the 
plan should be complete, from the horizontal bearing, ^KL, of 
a vertical arm, and showing the alternate 11 inch and 16J inch 
similar bearings of the radius nnls and anus. These bearinga 
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touch each other, as shown from g' to the left on the elevation. 
The annular space between the circles d' and f is fluted, as at 
l/, and to the left., by the alternate thick and thin necks, gLK 
and rf^ or II and J, through which the arms, E, and rods, FF', run. 
This cannot be very clearly shown without shading the eleva- 
tion, which may be doue with fine effect. 

The student may also usefully add a central section, on JF, 
and a cross section on ff, of the hub. 



C— SURFACE REGULATORS. 

After fly-wheels, column five of the general table of elements 
of machines affords no more examples for drawing till we come 
to volume elements. 

Plane throttle valves are simply like a common stove-pipe 
damper, a very rude contrivance. 

115. Single poppet valves lift off of their seats, instead of 
sliding across them, as do slide valves^ whether reciprocating, 
or oscillating, as in the valves of a Corliss engine, which are like 
a door, only so thick that its thickness covers the opening which 
it commands, and so its wide cylindrical edge slides on and off 
the rectangular opening in its concave cylindrical seat. 

lie. Cage valves^ illustrated in my " Elementary Projection 
Di-awing," and so called from their name, are used in locomo- 
tive pumps, and perhaps in some other similar situations, where 
a valve must act rapidly against great resistance. 

117. Cylindrioal throttle valves^ to be illustrated by and by 
in a govenor, are the modem improvement over the old dam- 
per throttles, and act to open a series of retangular openings at 
once, which, when fully open, give an area of opening equal 
to that of tlie pipe wliich they command. 

118. Ball valves are simply balls fitting a spherical seat 
They were formerly used instead of cage valve, in which tlie 
valve is a cylindrical cup with a flat seat 



D—VOLUMB REGUIiATORS. 

119. Cocks are named from the number of passages which 
they control, and consist essentially of a perforated conical 
stem, tunung about its axis in its conical seat, whose walls are 



^^ "VI Tj 0'>incide, a paaeage is 
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MACHINE COKSTRUCnOS AND DBAWINO. 169 

upon the valve. Upon the back uf the valve is formed a lug, 
h, which enters, loosely, a circular recess in the wedge, and by 
this arrangement the wedge is permitted to move upward a cer- 
tain distance, thus looeening the \&lve before it bcgius to rise. 
\Vhatever the position of the ai»pfti-atiia, the wedge cannot pinch 
the gate before the valve opening is covered. 

In the Brown valve, Fig. 51, the 
valve, V, is fastened by a brace, a, 
acting somewhat after the manner 
of a toggle joint, rising and falling 
with the valve, in standing guides, 
see the figures. It acts with very 
little, if any, injurious sliding un- 
der pressure between the valve 
and the seat, owing to the roller 
form of the ends of the brace. 

In ail of the last three contri 
vances, the effectual packing of the 
valve stem, which should w(»rk in 
a tight collar, especially for steam 
and gas, is a matter still deserving 
of attention. 

All such devices as these, al- 
though practically verj' important, 
ire hardly elements of machines in such a sense as to afford 
examples for full illustration, unless, as in the following cases, 
oa account of their ingenuity, novelty, or grand importance. 

Example XLIL 

(^ambervd or 'D' Locomotive dide valves / Plain and Anti- 
friction. 

Detcription. — The common slide valve, PI. IT., Fig. 2, is best 
imdeTBtood in connection with the cylinder. T,T',T" is its hol- 
low interior, which is sufficient to cover the exhaust port, hd, 
md either one of the steam ports, as ce. 

Fiom the shape of the section, T", of the valve, it is often 
called aD valve, od — c^'d" — c'd'pq is the rectangular yoh^, sur- 
iDunding die body of the valve, and forged to the valve stew, s, 
Ijiriiit^ the valve - actuated. 6aa" — a' isoueof twostifFening 
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ribs on top of the valve, shown in plan in dotted lineS| the 
valve being there upside down. 

The valve is shown raised from its seat, y/, Fig. 1, and out of 
pt)sition relative to the piston. Sui)pv>6ing the latter t<^ ]yo juet 
about to begin its stroke to the left, the valve should be far 
enough to the left to have opened the steam port, cv, already, 
about one-eighth of an inch. This distance is called the lead 
of the valve, and it serves to admit live steam a little before the 
beginning of the stroke; which chhIiIoiis the piston, and re- 
lieves it from the jerking strain of a very sudden change of 
motion. 

The diflFerence between the width of the lip or face,/X, of 
the valve, and the port, ce^ is called the lap of the valve. Its 
amoimt, in this case 1 inch, determines the point in the piston 
stroke at which steam is cut off ; as will be more fully explained 
by and by. 

The mimite recesses, as in, and «, which break joints with 
each other, serve to secure a lubrication of the valve seat by the 
steam. 

In conti'ast with the common slide valve, the friction of which 
is very great, PI. XXTV., Fig. 3, n^prescnts a frictionleae slide 
valve, which is believed to accomplish the purpose of saving 
the wear on the valve scats, eccentrics and other jrear, caused 
by the excessive friction inherent in all slidins: valves. 

This valve Ls not of the hahuu^ed valve variety, which, for 
locomotives, has been thought to be impmcticable, but, as seen by 
the figure, it works by changing a rubbing to a rolling friction. 
"NVlien the valve is in oj^eration, it is so susi)ended fi^n the 
axles of the rolls Il,R, by means of saddle plates SS, that it 
works just in steam tight contact with the seat A A, without any 
appreciable friction as the valve moves back and forth; for the 
pressure comes upc^n the axles, BB, through the saddle plates, 
and so causes the rollera to yoIX npcm the ways CO. In this 
movement of the rollers and axles, there is, however, no nibbiayg|| 
friction, as not only is the friction of the rollers upon the wajt™ 
of the rolling kind, but so is the friction of the axles on the 
saddle plates, and hence there is no appreciable resistance what- 
ever to the movement of the valve created by the pressure of 
steam on the back of it. The rolls, axles, ways, and saddle 
plates, are of hardened steel, and subject to a crushing, not a 
rubbing force. It is said, that after a test of several jearB in 




11 t>t tnnuA size mid simplicity. The great ain.nini ui 
ror aljBorbMl in wnrltiiiy it, tlic strength and weight cmms- 
nvtiy nKjnirvd iu all die partd connected with it, t\w ccnEtant 
t uid liabilitr tu break duwii, tht- tMny auil uA^it^ui-f <<t 
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repairs, the difficulty of rcver&ing or working the valves of 
large engines by hand, are siiffioieutly well known. The object 
has been to relieve the coininou slide valve of Uie preeaiire of 
eteaiu, and raaiiy ingenious contrivances have been invented for 
this purpose. This has been acucimplished by the invention 
here illiustrated. This balanced slide valve is of the pistcm 
variety, and its claims to superiority are of a novel character, 
and such as to attract the attention of eugiueera and owuen of 
steam engines. 

First, it i& a perfectly balanced vah'e ; it retjuires no adjiut- 
ment j it is simple and not liable to get out of order. The 
cost of its application to engines now used is small, while for 




new engines, the reduction effected in the weight of ill 0X3 
valve-gear makes it much cheaper than the common valve, ^fl 
is applicable to eidier higli or low pi'cesiire engines, or whteflj 
single valves at each end of the cylinder are used. Cy it a mndi 
lunger port is obtained tliau by the common slide valve. In a .- 
Bteam chest eight inches in diameter, the drcamfereiioe boB^- 
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mty-five inches, tte elcam purt w-ilt be twenty-one 





Fig. 52 IS n lungiludinal section, showing tiie ajiplii.'jilji't 
old engines now in use. The same letters refer to like parti. 
Fig. 53 is an end view uf Fig. 53, showing tlie bollA, D,D, in 
dotted lines. Fig. 54 shows the manner 'if bolting the cheat O 
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when it is not convenient to cast it and the cylinder together. 
Fig. 55, valve heads connected by common pipe when the cylin- 
der is long. Fig. 56, valve showing guide, S, and the way the 
rings, R, are set out ; these rings, R, being in three parallel 
parts, prevent leakage of steam by breaking joints ; while tlie 
manner in which they are set out is adapted to prevent 
leakage by their being compressed inward by the steam. Fig. 
57 is an end view with steam chest cast on the cylinder. 

The valve is placed in the cylindrical steam chest, which has 
two grooves, A A, encircling it, which are in communication with 
the steam ports. A, which lead into the cylinder, L. Steam is 
admitted through the side pipe, J. The grooves, A,A, are 
covered by the ring, B, wliich forms the valve seat and contains 
the ports, jt>,^, through which steam passes into and out of the 
cylinder, L. E is the opening for exhausting the steam fn)m 
the cylinder. The valve, 0, is hollow, and ii^ secured upon the 
stem, G. The rings, R, are secured by the follower, I, which 
is recessed into the ring and will not come in contact with the 
seat, B. DD are bolts by which the chest is fastened to engines 
previously using the common slide valve. 

Cofutructioiu — Let the figures be arranged, with the different 
elevations of the same thing on the same level. 



Example XLIV. 
JBcdcmced Poppet Vdhes. 

Description. — In marine engines of comparatively short and 
quick stroke, as propeller engines, slide valves, like those of 
locomotives, but of proportionally larger size, are frequently 
used; while for engines of long and slow stroke, like beam 
engines generally, poppet valves are used. 

A poppet valve lifts off from its seat,. and a balanced poppet- 
valve, PL XXV., Fig. 1, where one-half of a valve is shown at 
AIIB, has two seats, CD and cd. These, like the valve, are cir- 
cular in plan, the figure being a vertical section ; and as steam 
entere from the steam pipe S, as shown by the arrows, the 
pressure downward oi the steam at CD resists the opening of 
the valve, while the upward pressure at cd assists its opening. 
Ilence, by making the diameter of the upper opening one inch 
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greater than that of the lower one, the valve is lifted only against 
the downward pressure on a ring of half an inch in width, and, 
in this case, 23f inches outside diameter. 

E/IJ is a vertical section of the steam chest of a marine bear.i 
engine built by the Novelty Works for the Pacific Mail Co., 
and with a cylinder 105 inches diameter, and 12 feet 8trf>lv0. 
S is the steam pipe (see also PI. Y., Figs. 5, 6), bolted at EF to 
the vertical pipe leading to a similar chest at the top of the 
cylinder. Steam flowing into the spaces, KK, rushes through 
the openings made by the lifting of the steam valve AHB ; 
through the steam port, LL, into the bottom of the cylinder, and 
forces up the piston. 

At the same time, the upper exhaust valve, corresponding to 
ahh^ lifts, and sets free the steam which effected the previous 
stroke, and which then escapes through the exhaust pipe. This 
pipe is bolted on at ef^ and the steam thus passes on through G 
and the exhaust port, MM, to the condenser. 

Again, when the upward stroke is just about to end, the upper 
steam valve, corresponding to AHB, lifts and admits steam to 
'^ cushion " the piston at the end of its upward stroke, and drive 
it down again, while the lower exhaust valve, ahb^ opens and 
steam flows out of LL into G, and through M to the condenser. 
The partitions NN divide the steam, from the exhaust chamber. 
It is thus seen that live and exhaust steam can never meet un- 
less, as in LL, by the two valves AHB and ahb^ being both open 
at once for a moment. 

The valves are circular, as seen in plan, and therefore sufli- 
ciently shown in the plate, by a half vertical section of each. 
Each valve is keyed, as at Tck\ to a vertical valve stem. The 
latter are connected by short horizontal arms to the vertical 
lifting rods, as V, Fig. 4, in front of the cylinder. These rods 
are lifted by wipere, TV, keyed to an oscillating rock-shaft, R, 
which is operated by an eccentric on the main shaft; whose rod, 
E, takes hold of the free end of a rocker-arm. A, keyed to the 
rock-shaft. The wipers, W, act upon toes^ T, keyed to the 
lifting-rods, V. 

The fo.rm of the upper surface of the wipeT and its angular 
position on the rock-shaft, togetlier with the position of th^ 
eccentric, determine the height and rapidity of the lift of th^ 
valve, and the points in the piston stroke at which it will open, 
and close. By opening the steam valves just before the end of 
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a piBton stroke, the piston is cushioned, so as to ease the shock 
of the sudden reversal of the motion of its heavy mass. By 
closing them at or soon after the middle of the stroke, the ben- 
efit of the expansive use of the steam is obtained. 

To avoid back pressure on the advancing face of the piston, 
the exhaust valves are larger, or are lifted higher, and held open 
longer than the steam valves ; as may be seen by watching the 
different motions of their two lifting-rods on any river-boat 
engine. This result is effected by making their toes shorter, 
while their wipers begin to act at a point nearer the rock-shaft 
than is the case with the steam-valve wipers. 

To enter minutely into this, and closely kindred subjects, with 
their theory, might occupy a small volume ; hence this descrip- 
tion closes with the following data from actual practice. 

First, in the Pacific Mail Steamers. 

Steam preasnre in boUer 18 lbs. 

Mean pressure in cylinder Depends on point of cut-off. 

Diameter of cylii^der 105 ins. 

Length of stroke 12 feet. 

Steam cut-off at 2i to 6 feet 

Steam valve opening at beginning of stroke = lead =-|V ins* 

Height to which steam valve is lifted =7} ins. 

Exhaust valve opening at beginning of stroke = exhaust lead or re(e(ue-=2^ ina. 

Height to which it is lifted =7} ina 

The following data are from the engines of the remarkable 
shore steamers " Providence " and "Bristol," and were furnished 
by Mr. Thomas Main, Eng., their designer for the Messrs. 
Soach, their builders : — 

1. Steam pressure in boiler, above atmosphere . . 21 lbs. 

2 j Diameter of cylinder 110 ins. 

{ Of side pipes 80 ins. 

8. Length of stroke 12 ft 

4. Usual point of cut-off 5 ft. 

5. Mean pressure in cylinder, about 25 lbs. 

6. Lead of steam (poppet) valve lV to i ins. 

7. Total lift of steam valve 5^ ins. 

8. Diameters of do 20 and 21 ins. 

9. Lead of exhaust valves 2^ ins. 

10 Total Uft of do 7 ina 

11. Diameters of do 21 and 22 in& 

12. Three boUers, each 35 ft. long by 12 ft. 5 Ins. diar 

13. Grate surface 510 sq. ft 

14. Fixe surface 18,850 sq. ft 

12 
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Steamship ^ *• Providence." 

Date April SOth, 1869. 

Which end of cylinder Both. 

Bevolutions per minute 17f . 

Pressure of steam in boilers, in Ibe 21. 

Point of cut-oflf 5 ft. 

Position of throttle-valve Open. 

Vacuum per gauge, in inches. 26. 

Temperature of hot well, Fahrenheit 122°. 

Scale of indicator, 16 lbs. to an inch. 

Constructio^n, — The student can show the whole of each 
valve and a plan of one, and the scale for the steam-chest 
being reduced from -^^ to ^, or even to ^, the valves may be 
shown separately on a scale of from (me-fonrth to onQ-eighth^ 
with enlarged sections at the seat, as in Figs. 2 and 3. 

122. The general view, Fig. 58, will make tlie above example 
more intelligible. 

G, is the heavy supporting frame of the whole engine, and 
called the gallows frame; C, is the steam cylinder; B, the 
working beam ; BR, the connecting rod ; Ei, the crank, turn- 
ing the main shaft, in the pillow-block h. A, is the air-pump ; 
F, a force-pump for supplying water to the surface condenser, 
S (PI. v.), through passages in the bed-plate, P (PI. VIII.). W, 
is one of the paddle-wheels ; V, is the steam, or valve-chest, r 
and r are the rocker-arms, see A, PI. XXV., Fig. 4-, the pins of 
which are engaged by the eccentric hcK)k8. The rock-shaft, r/*, 
is in two parts, which meet at a cjommon central bearing. One 
eccentric is for the steam, and the other for the exhaust valves. 
The former has a large thi'ow so as to actuate its rocker through 
a large arc, and quickly. A long and adjustable wiper on its 
rock-shaft, acting on the toe, T, PI. XXV., only during a part 
of its arc, raises that toe with the steam valve quickly, and 
closes it at a point in the stroke, depending on the angulai* 
position at which the wiper is set on the rock-shaft. 

123. The following abstracts from observations at sea are in- 
teresting, as showing the relation of cut-ofiF to cylinder and 
boiler pressures : 

1°. Steamship " Montana." 

Which CiDgine, main. Which end of cyl., top and hot, Rev^na ^ min., 9. 

Throttle, wide. Steam, 18 lbs. \ acnnm, S7 ins. 

B«si water tem're, fSfi. Dlacliarge water tcm're, 70®. Peed water tem're, 120*. 

Engine room tcm're, 70''. Cut-olf, 3 ft. Coal ^ honr, 2,686 lU. 

Initial cylinder presisare, top, 13.8 lbs., bottom, 13.9 Iba 
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2°. Steamship " Montana." . 

Which engine, main. Which end of cyl., top and hot. Rev^ns ^ min., 9. 

Throttle, wide. Steam, '20 lbs. Yacnmn, 27 ina. 

Sea water tem^re, 80*^. Discharge water tem^re, 90**. Feed water tem're, UO^. 

Kogine room tem're, 86<^. Catroff, 9 ft 6 ina. Coal ^ hour, S,814 lbs. 

Initial qyliuder pressure, top, 17.1 lbs., bottom, 17.6 lbs. 

3°. Steamship " Montana." 

Which engine, main. Whieh end of cyl., top and bot Reruns 9 min., T.8. 

Throttle, X open. Steam, 31 lbs. Vacmmi, 97 ina. 

Sea water tem're, 88^. Ducharge water tem're, M^. Feed water tem*re, 190*. 

Engine room tem're, 9df*. Cut-oft, 3 ft. Goal 9 hour, 9,800. 

Strong head-wind and aea. 

Initial cylinder presanre, top, 18.9 Ibe., bottom, 19.8 Um. 

4°. Steamship " Montana." 

Which engine, main. Which end of cyL, top and bot Rev*ni ^ min., 8L 

Throttle, wide. Steam, 31 lbs. Taonnm, 97 Ina. 

Sea water tem're, 84**. Disohaige water tem're, 90^. Feed water tem*ra, 190*. 

Engine rooom tem're, &6P. Cut-off, 3 ft 6 ins. Coal ^ hour, 9,986. 

Initial cylinder pressure, top, 90.6 lbs., bottom, 91 lbs. 

The increasing difference between boiler and cylinder pres 

sure as the cnt-off takes place earlier, indicates the increasec 
wire drawing of the steam, as the steam valves are less lift( 
and quicker closed. 

The difference between the sea-water temperature and the 
discharge-water temperature shows how much the sea water it 
heated in passing through the condenser tubes. 

The increase of fuel required to maintain the boiler pressi 
as the cut-off is later, is also noticeable. 



Example XLV. 
Richardsan^a Locomotive and Lockyup Safety Valve. 

Description, — Fig. 59 represents the form of this valve, as 
applied to locomotives, on a scale of one-half. 

A A, represents a section of an ordinary dome cap or plate, 
with the projecting lip or flange a, which may be cast on, and 
form a part of the valve seat B ; or it may be formed by letting 
the bush, B, down into the dome cap. 

HM, is a section of a brass bush, on which is formed the 
viilvo scat, KK, which should be bored with a spherical rose 
cuttc^r, having a If -inch radius. 

(Xy, is a section of a four-winged valve with chamber c" 
fnrmcid l)y a lip projecting -^th of an inch beyond and dn)))- 
u\\\^ gt^th of an inch below the top of the bush B. 
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OD, is a steel spindle, witli the plate E shrunk od, and 

tiiraed true. That pt>rti'>n fif E iiidi(;atod by the dotted line 

filiould fit closely witJiin tiie spring. Tlie spindle should bear 

en its point, d, and be -jijth of an iiiuh loose iii the bore. Tim 

iiijiper end of the spindle passes through the cToss-head, G, I'ltb 

^^Esn inch liKise. wliiuh keeps it in a ceutiiil position, at the 

^^ke time allowing it to move freely up and down. 

^KFF, ifi a helical spring, supported by tlie plate E, and bear- 

jug against the L'roas-head G. This spring is formed of a bar of 
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^-iiicli cast steel, 40i inches long, ^^'ith the ends tapered 3 
i!l(;lle^i, and when coiled, faced off at both ends and tempered. 

GG, is the cross-head, made of hard brass, and adjusted by 
the nuts II on the studs IIH, which are screwed into the dome 
cap AA. 

»LT, is a section of a washer fitting closely to the spindle, but 
moving freely thereon, for the purpose of keeping the sparks or 
(Muders from filling up the space surrounding it. 

The cut may be regarded as a working drawing for a 2J-ineh 
valve (the locomotive size), in which the spring is represented 
JUS uncompressed. For 100 pounds pressure the spring should 
be screwed down ^ths of an inch, and proporti(>nately f or auy 
other pressure. In setting this valve, the steam gauge should 
be huowii to be accurate, and the connecting i>ipe t^hav. The 
cross-bar, GG, may be of any length which circumstances shall 
require ; but the hole through which the spiudle passes should 
line (trcaratehf with the bore in the bush. Should the pi-essure 
be I'educed too much before the valve closes, increase the out- 
let from tr to c' by turning out the lip of the valve a ven' 
little; which relieves the upward presure in (?". 

It is now evident that, as soon a,< the steam pressure exceeds 
what is iu tended, it \vill start the valve from its seat, and then 
it has a surface of the larger diameter nearly equal to LL, to act 
upon. Thus the additional force necessary to overcome the in- 
creased resistance <.)f the spring as it is lifted is obtained, and a 
free escape for the surplus steam is secured. 

Fig. n<) represents the lock-up valve for stationary' and steam- 
boat boilei-s. The same is shown to si-ale in PI. XXIV., Fig. 
4, w^here the plan shows half of the valve (*ase ct»ver, CC, 
an<l the whole (»f the nut cover, D', removed. The elevation is 
half in vertical section. Like lettei*s refer to like parts on all 
the figures. 

A, A' is the inlet from the boiler. C is the valve, winged, a? 
at h^h\ with ft)ur wings, and resting on its seat at the lo\> of 
the bush rv'? «*^i^d enclosing the si»indle //,</'. S,S' is a thin 
screw, by which the spring E,E' is compressed to the intended 
j)res-ure. Steam, lifting the valve by compressing the ppring 
from below, escapes into the si)ace F,F', and thence thi-ough an 
outlet })ipe, carried fnnn GG' to any convenient p<»iiit of dis- 
charge. A padlock being locked into the staple aa\ cuts off 
access to the nuts nn\ which hold down the valve case oorer 
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B', anii flms jjreveiile tiiininrring with the valve. A hand 
■. K, allowB tlie valve to be Hited br hand, if need be, to as- 
iain wliether it has Ijecomo sttick to its seat. 
iponstnlcH^}n.~l•'^om Fig. 5y, a plan view pan be made, by 
nnung only a few of the ineaBiirements. And by carefnl 
jpparison of the two piMJoctiims of PI. XXTV., Fig. 4, with 
g. 60 to serve iti places of a modeh au elevation or section 
J in the direction of the airow.^. may be made, 
"he lock-up valve is made of various eixes ; hence, aa PI, 
"^., Fig. 4, is drawn to Ecale, to show its prffporHotia, 
me-as 11 foments may be assigned to it, according to any suitable 
scale, 80 as to make tbe student's drawing larger or smaller 
1 this one. 

Example XL VI. 

A Doubi^Bfot Pump Valve. 

. — PI. XXS., Fig. 3, represents such s valve, 
dcetrihiniT the valvo itscll", its place in the pump should , 
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be understood, and the nature of its action and relation to ad- 
jacent parts. 

The magnitude of the great pumping engines forbids the 
use of any such valves as are found in common hand pumps; 
and the necessary size of single valves would make them cum- 
brous. 

For example, the cylinder of Brooklyn Pumping Engine Ifa 
3, is of 85 inches diameter, with 10 feet stroke. The pump is 
directly under the cylinder, of 51^ inches diameter, and 10 
feet stroke. As the bucket of this pump ascends, it lifts the 
water above it, and the pump is filled by water rushing Dp 
through a group of 20 foot-valves, c<^mmanding inlets of Hi 
inches diameter each ; and all contained in a chamber of 89J 
inches diameter. On the down stroke, a valve of 44 inches 
diameter opens in the bucket itself, together with 13 others of 
the size before given, and placed around an annular space su^ 
rounding the pump-barrel, and opening into it. 

2sow, to diminish the work of lifting these valves in the 
water, they are made as in the figure, where the annular seats, 
E and F, are called heats. There being two of these, the valve 
is called a double-beat valve. The figure is a plan and sec- 
tional elevation, and the parts sho\\ni in sectitni line are of uni- 
form section all around the valve. AVlicnce it is plain that the 
valve is lifted against the vertical pressure of an annular 
column of water of the luyrhontnl widtli from c to e. The 
bridge-^, 11, slide up and d«)wn on the stem, G. as a guide. Tlie 
unshaded parts are six rat^lial arms, or wings, to stiffen the 
valve wall I. Thus the water es^-apes, as shown by the arrows 
e and f. 

The seats E and F may be of w<.K)d, or other like material, to 
avoid heavv concussion in closinjr the valves. 

Though a partial digression, it may be added that this double 
acting pump is built upon what is called the fiy-wheel system. 
That is, at the opposite end of the working beam — which is 81 
feet long, and weighs 30 tons — is a 2(5 foot fly-wheel in 10 8^ 
ments, and weighing 30 tons; on a shaft 20 inches diameter. 
And it is repn-ted, after oflicial trial, that the work done is the 
raising of 72,000,000 jxHUids, 1 foot for every 100 pounds of coil 
consumed, which is equivalent to 81,000,000 pounds raised 1 foot 
by 112 pounds of coal, the standard of fuel weight gi^^n in 
some Englisli authorities. 
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This engine is reported as doing about double the duty in 
propor^on to the fuel, that is done by engines Nos. 1 and 2, 
each having a force pump at each end of the beam, and no fly- 
wheel. The celebrated Cornish engines are without fly-wheels, 
and have a steam cylinder at one end of the beam and the 
pump at the other, with the pump-end of the beam shorter 
than the other. 

We cannot enter into the discussion of the relative merits of 
these and other forms of pumping engines, but must refer the 
reader to the Jour. Franklin Institute for 1868-69-70, Bourne's 
works on the steam engine, etc. 

It seems probable that the mar\'ellous duty of 100 to 120 
TniUion pounds raised 1 foot, per 100 pounds of coal burned, 
attributed to the Cornish engines, may be partly, at least, 
owing to the fact that their construction, with suitable boilers 
also, has been made a specialty for many years, under every 
stimulus of necessity for economical results, that could well exist. 

Canstruction, — As the many dotted circles in the plan are 
hardly intelligible before a careful tracing out of their vertical 
projections, the student should, as a study, draw this valve on a 
scale of oue-fourthy or even one-half , and then add the tangent 
projecting lines of every circle of the plan. 

Example XLVIL 
The Cornish Equilibrium Valve, 

Description. — This is a steam valve, used on the Cornish 
engines already referred to. Its conical seats are mn and opj 
on which rest the corresponding edges MN and OP, of the 
valve when that is seated. Otherwise, the figure explains itself. 

Construction, — The horizontal section shows in section lines 
the radial supports of the valve wall. See also the directions 
in the last problem. 

Example XLVm. 

(xiffard^s Injector. 

Description, — This, as well as the last device described, is 
rather an instrument (30) than a machine, as its moving parts 
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are Bcparately adjustable, yet as it is not used separately, but as 
an accessory to the steam engine, we make a place for it. 

Giffard's Injector, PL XXIV., Fig. 5, is a contrivance for 
making the steam power in a boiler, feed the boiler with water, 
l)y means of the work developed by the rush of the steam to- 
wards the vacuum constantlv tendino^ to fonn where the steam 
is condensed by contact with the cold water supply ; that is, 
ultimately, by tiie conversion of the heat of the steam into its 
equivalent in mechanical force at that ix>int. 

We will, before explaining the action of the injector, give a 
general description of the appai-atus as improved and made by 
William Sellers & Co. It is in two parts, joined at ee by bolts 
thh A A is the steam inlet, separated from the water inlet K 
by the i>ai*tition/y. BL>, a screwed rod, opcnited by the winch 
</, and which, by rising and lr)wering through the nut w, adjusts 
the oi)eiiing at C, and hence the flow of steam to fonn the jet 
B is hollow and perforated, so that a little steam will flow 
through it, even when closed down. D is a tube, combined 
with a piston, FF, which slides in the space F//, as actuated by 
the overflow of excess of water at E. The deliver}' tube, G, is 
attached to, and moves with FD, the i)ist«>n tube. II is the 
waste valve operating in the small space at <•, and allows any 
overflow from (t to esc-a})e. This valve is sometimes opened 
laterally by hand, acting on a screw stem through II. J is the 
foot valve, here sliowii wide 0]>en ; and which, when closed, 
prevents the return of water from the boiler, when the injector 
is not working. L is the outlet to the boiler. The pipes con- 
necting at A, K, and L should be of the same diameter as those 
apertures, and as short and straight as possible. Steam is let 
on by a cock in the pipe entering at A ; and there should 
be a regulating cock in the water pipe entering at Iv, in case 
the water flows in under pressure as from a level above the 
injector, instead of being lifted from below, as is often done. 

Ojperatloa, — Screw down the plug B to its lowest point, when 
steam issuing tlirough the small perforation in it, before described, 
and from its point, will act to i)ro(luce a vacuum about D, 
which will draw water in, as by " suction," at K, and force it 
along to II and out at I, the valve »T being closed by the boiler 
pressure. The screw plug B being then drawTi outward, the flow 
of steam will increase until the force of the combined steam and 
water current opens J, and proceeds on into the boiler. If now 
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the water supply be too great^ there will be an overflow at E, 
which will aeciiinnlate in XX, and drive back the piston tube 
FFD, and thus narrow the water entrance ; see the arrow at 
D, and properly reduce the water supply. But if the water 
supply be relatively too smaU^ the freer rush of steam through 
the nozzle AC, will produce a partial vacuum around C, into 
which, water flowing more forcibly, will drive back FFB, and 
enter more abundantly. This self-regulating feature is of great 
value by dispensing \v\\h frequent regulations, by hand, of the 
relative steam and water supplies which are oftener required, 
the more variable is the boiler pressure. 

Theory, — This can be most clearly apprehended in a general 
way, by reference to an analogous device, in which the steam 
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current from the boiler is represented by a visible solid, shot 
out by the agency of an elastic medium. See Fig. 61, where A 
and B are two closed air vessels, fixed on a common support D, 
and connected by a tube C ; and thus charged alike by a con- 
densing syringe attached to either of them. In one end of A, 
is the valve e, opening inward ; while B is an air pistol, dis- 
charging a ball through a tube, T, when the air pressure is di- 
rected against the ball by tlie springing open of a cock. The 
ball thus discharged, and striking the valve ^, will open it, and 
enter the chamber A. 

To understand this, we have only to consider the difference 
between QtaXionoxy jpressure and the acGumulated /brce, repre- 
sented by a moving mass. 

Pressure^ as 100 pounds to 1 square inch, against an un- 
yielding resistance, and continually neutralized by it, is a unit, 
as compared with the living force developed by the motion of 
a heavy mass, and representing the sum of the units due to the 
repeated action of this pressure in producing more and more 
motion at each instant while the pressure acts. 

Thus, the force exerted by the ball upon the valve e^ repre- 
sents the sum of all the effects pmduced upon the ball by the 
pressure, in all the instants while it is passing through T ; while 
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the resistance of the valve e is duo to the eqnal pressure 
erted on it in only the sin<^lc instant in which it o])ei]8. 

Or, in other words, before all parts concemedcau come to rest, 
there must be an equation of xcorhs, Worh is the product of 
wei«i^ht into space passed over ; and the work represented by 
the m<jtion of the ball, must be g^iven out before the ball can 
stop. But without motion there can be no work ; hence, when 
the ball encounters the valve, held down by a pressure, lesB 
than will resist the whole indenting effect of the ball upon an 
unyielding mass, motion will be imparted to the valve. 

Returning now to the injector, the valve J, unyielding in a 
direction from the boiler, i-eceives the static pressure of the 
water from the boiler, and is analogous to the valve ^, above. 
The issuing steam is analogous to the ball shot f nmi T, and no 
less so, though of tlie same form of matter as the agent which 
propels it, viz., other steam in the boiler, diseliarging itself by 
its own elastic force. This discharged steam, reducing its ve- 
locity by mixture, in condensation, with many times its weight of 
water, will still force open the valve J, so long as the quantity of 
water taken along with it, gives a velocity and living force to 
the entering jet of combined steam and water, greater than the 
living force of a jet of water alone issuing from the boiler. 
And this is just what really occui-s. 

A point of difference between the injector and the air pistol, 
and in favor of the former, is that the dilatation of the freelv 
escaping steam, which is further increased by the tendency to s 
vacuum constantly existing l)y reason of condensation at its 
contact with the water, increases its velocity, and hence it? 
living force. The living force of a unit of weight of steam at 
it« issue, represents a quantity of icorJ\ measured by the weight 
of that steam, falling through the height \Ay which its particles, 
considered as projected atoms, would ascend by reason of their 
veh>city of issue from the steam nozzle. And, as before, bo 
long as the additional weight of water drawn into the steam jet 
does not reduce the velocity, and consequently the living forvse 
of the mingled jet to less than that of water alone of the 
same temperature issuing directly from the boiler, the former 
will prevail and enter the boiler. 

If tlie steam pressure in the boiler be increased, the steam jet 
will have a greater velocity, but still more, an increased wei^ 
relative to the water portion of the jet, comparing units of each. 
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Hence it will take up a less iiuniber of times its own weight 
of water before reducing the living force <;f the feed jet to less 
than tliat of a water jet alone from the boiler. That is, the 
lower the boiler pressure the more eifective relatively will be the 
injector. Thus, an injector which will deliver 200 cubic feet 
of water per hour under a steam pressure of 50 lbs. per square 
inch, will deliver but 264 cubic feet at 100 lbs. per square inch, 
and 328 cubic feet at 150 lbs. per square inch. 

If, however, the water supplied at K were too hot to permit 
the condensation of the steam, the injector would cease to act; 
and, accordingly, the hotter the feed water, the less will be 
thrown into the boiler. Combining this with the preceding re- 
sult, greater heat of feed water can be purchased by the sacri- 
fice of quantity ; and this can be done more fully, the less the 
steam pressure. Hence, directions for using the injector give 
the maximum advisable temperature for different boiler pres- 
sures. Thus, at a steam pressure of 30 lbs. per square inch, the 
temperature of the feed water may be 130° F. ; at 100 lbs. 
pressure, the feed may be at 110° F., etc. 

A full physico-mechanical theory of the injector, treated an- 
alytically, and with numerical computations, is given from M. 
Combes in the Journal of the Franklin Institute for May, 1800, 
and an extended general explanation and description of its sev- 
eral applications, in the same Journal for July, August, and 
September, 1808. To these, from which the foregoing was 
partly taken, the reader is referred for particulai's which belong 
more to physical mechanics than to this work. 

Canstniction. — ^Pl. XXIV., Fig. 5, shows a section through 
the axis of the injector, which is here supposed to be horizontal, 
as is usual in practice. As nearly every section perpendicular 
to the axis, would show only circles, any number of cross sec- 
tions can be made by the student. 

The figure was prepared from a beautiful nw^el presented 
by the makers, Wm. Sellers & Co., and differing from the work- 
ing form only in having a quarter of the case cut out so that 
the interior was exposed, without taking the instrument to 



The injector is made of various sizes. By taking the diame- 
ter of each of the openings A, K, and L as 1 inch, it will serve as 
eaoele for the drawing, in the present example. 



ClASS T.-MODCUTORS. 

13^ 3EjDTrL.%rog& ■&' atrre Ci> disojiitiniie modonB that 
-vsrmujL otherrse ^i* 'a: ;i> rrArnt^fn iiM<i«jDs that wonld other- 
Triie Sl»p «i^piL rniioiis. ^ie mr jci'^e f •-•wer were not withdrawn ; to 
fmtausi c&e rriacrr* •iir«iit&:<t5 of m«:'d*>ft? ; or the ratio of their 
-^ietcies : aziri rrar. ^;>i«iecLly. ^.t gndcall v. 

The taarnu m^j^InZst^yr*^ k preferred t« > i^odinerSj on account of 
IB Ie» etjirimra u&e *iA e.-&&eqaent greater precision. If to 
mo££j be &:• iidj^< a general law to a special case, then to 
modulate maj be t«> izipress a determinate law of change, or & 
iibangs accti'Tvinig :o a determinate law, iip<ju a given form of 



Lis. Himuj. If tma zDOSt^ modolators are, like many regnlatorB, 
'Xm^)HJul '>#^?!iA* 'jt ^uh-rii^jcfiin^ji^ and few, if any simple mod- 
Tuafiocs afford valuable drawing exercises, after what have 
^ixxaiw been presented. This entire class of organs may there- 
tore here be passed over with a few remarks npon the examples 
ounCioixed in the colmnn of modnlators in the Table L 

A — ^Point Modulators. 

135^ An idler jndley is merely a small wheel, or roller, 
3D:iui£ed in a swinging frame, or in movable bearings ; so that 
i oaa be pressed against a belt, to tighten it, and give it a firm- 
er iolJ up»-»n a pair of band wheels, or to throw them in and 
.ME of aear if need be. 



Modulators. 






An escapement is a purely mechanical means for con- 
an oscillating into a rotary motion in one direction by 
j^mcttdLtelv engaging and disengaging peculiarly adjusted arms, 
wiijkL Ae teeth of a peculiarly designed wheel. It also serves 
ftir Wtfttlarly intermitting, for the purpose of restraining, a 
TM>etott that 'might otherwise soon run down. To be of much 
^ iuterest as a subject of study, it must be shown in connec- 
sML wt(h the parts adjacent to it, and is therefore deferred till 
fM 'bfltf^^r *^ compound organs shall be read. 
^ md lifters are very generally moved by an adjust- 
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able projecting piece called a dog, which is clamped to some 
moving part of a machine, as the table of an iron planer, bo as 
to operate a jointed lever 
which carries the shifting 
arm. 

129. Clutches generally 
are devices for coupling or 
uncoupling at pleasure the 
saccessive pieces in a line of 
shafting, or of causing the 
Bhaft to communicate its mo- 
tion or not. 

Fig. 62 represents a pin 
clutch, in which the disk A, is keyed to the shaft, C, by the long 
feather, dd, and is pierced with holes, into which the pins of the 
disk, B, enter. Now if B revolve loosely on the shaft, or if it 
be keyed to a shaft, which is divided, between the disks, the 
shaft C, with A and B, will all revolve together by pressing up 
A against B tUl the pins enter the holes in A. 

130. Simple slide rests are merely stationary supports, ad- 
justable to any position for the cutting tool held by the operator 
of a hand lathe. 
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C— SURFACE MODULATORS, 
a — Plane Modulators. 

131. Variable crank. 
Fig. 63 shows what may be 
called a plane variable crank. 
A and B are two disks. A 
contains the radial slot,j?y, 
and B the spiral slot, indi- 
cated by a single line, pkq. 
If now, a crank-pin, J?, be free 
to move in both slots, it will 
follow both, and give a va- 
riable angular velocity to A, 
which may be varied by re- 
volving B in the same way 
at a less speed, in the opposite way, or not at alL 
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-i_- ii.-.- -. u:u !i. I :v:uiiKni tangent, 

-: i ; --^t ■•■».--*:•: u^d. Make BF 

.-arsk-r-. -J !i. tii'i it:u«:^ -Aioeiit to the cir- 

. V -iii'.t s:::.::ii* irrs^ 4rv as their radii, 
X'- -•='1**:^'*? "ii'r siiiit Lic^^ at the centre, 
■HIT- iia- •= >r'jr>r*icurfc«L *:-'■ :haT angle, mill- 
-:v-r*k. " 'Utr.:- :>r*:je»rn-«e rsidii. Also note 

5 ij: -- ZC ^ -A = Z«; ^ DH • m + BC • m 

= I»: ^Y>Y in 
= FF - FG. 
T!!ar .i^ *ne 'Ta>f l!«?n^£riu anti hence the whole 
**^ "«r!iira* 5^ "^^ *?tiini is c«>Q>tant for any pair 

'Httto^'5^^-'*'** *^*^*^" LiiiaiewK e«^Tiais DF. Hence, as st^iedi 
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Pboblem X 

To form, a set of »peed pulleys to ffive a series of velocity 
ratios in geometrical progression. 

Let the greatest and least diametere of the pnlleya be 6 
inches and 15 iDchee. As both sets are alike, the extremee of 
the Beriee of velocity ratios will be reciprocals of each other, 
viz.: 

6 J 15 2,5 
— and — or - and -. 
15 6 5 2 

Now let there be three intermediate ratios ; that ie, terms to 
this series. 

The property of a It^arithmic spiral, that its equidistant radii 
are in geometrical progression, enables us to find the required 
terms graphically. 

To construct the spiral, make a figure as follows, Fig. 66, 



lAero AC : AB : l4E : AD : ; AG : AF, etc. ; 
or AC : AE : : AE : AG : : AG : AI, etc 

ThoB AC, AE, AG, etc., are in geometrical progression. Now 
deflcribe a circle with any convenient radius A5, Fig. 67, di\'ide 
It into vxj nnmber of eqnal parts, he, etc. The smaller these 
pVta and the larger the radius AJ, the more accorate wiU be 
flt^ iMolts to be obtained. 

!Dten, befpiming on Ai, for example, make Aa = Aa, Fig. 
#; AC = AC, Fig. 66 ; AG = AG, Fig. 66, etc. To avoid 

— ^r'f , not all the radii &om AC to Ah, Fig. 67, are shown, 
•ridob Ab Bdcceauve distances from AC to Ao, fig. 66, are- 
18 
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laid off. Tlie cnrve through a, €, C, E . . . . E will be tbfl ra. 
quired auxiliary spiral. 

Now, in tlie given example, tlie extreme ratios are -^ and V» 
or f and 2^. Then take these distances as radii on any eonr 
venient scale (a scale of inches was used in this conBtraottottX 
and A as a centre, and describe arcs, intersecting the qnzal ft 
p and T. Finally, divide FT, where F is on A^ prodnesd. 
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into fonr equal parts, aud draw the radials AQ, AK, etc., 
through the points of division, and Aj, Ar, and As will be the 
three desired intermediate teims of the progression, of which 
Ap = I, and AT = 2^, are the extremes. 

These distances are the values of the ratios of the velocities 
of the successive pairs of pulleys of the required set, and the 
sum of the diameters of these pairs is constant. We have then 
to divide a given line into two parts having a given ratio. 
How shall this ratio be expressed ? Six and fifteen are the 
diameters of the extreme pulleys which act together, and to 
express their ratio, and thus that of their velocities, by a propor- 
tion, we have 

15 : 6 : : 1 : T^, or I, 

and a like proportion would be found for each pair of opposite 
pulleys. Hence let MN, Fig. 68, represent the full size of the 
constant sum of the diameters, = 21 ins. That is, in the actual 
case supposed, MN would be 21 ins. We shall then, as shown 




in the figure, divide it first into two parts whose ratio shall be Aj, 
that is two parts, MX and If X, which shall be to each other as 
1 and Ag', 1 being 1 unit 'of the same scale (inches in Fig. 67), 
from which Ap = f , and AT = f , were taken. The parts of 
MN will be the diameters of one pair of pulleys. Next divide 
MN" into two parts, which shall be to each other as 1 and Ar, 
etc. 

By constructing all these figures of large size and in fine 
lines, on very heavy smooth paper, and with a foot instead of 
Eui inch for the unit, MA, Fig. 68, of the scale on which Ap, 
Ar, etc.. Fig. 67, are laid ofl^, the results will doubtless be prac- 
tically as accurate as if found by computation. 

133. Cone jmUeySy Fig. 69, are another device for adjusting 
i'elocity ratio ; but, by imperceptibly small variations instead of 
definitely differing ones, as in the use of speed pulleys. 

134. JDeadpuUeys revolve loosely on tlieir shafts, so that when 
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a band is shifted to them the machine driven hj tint fUk 

stops. 

135. Sectoral motiamiff}^ 
70, afford variable rdoaSj 
ratios by toothed BectQ^^l^ 
ranged in parallel planei^ip 
that any two, which act to- 
gether, are in the same pliM 
and the sum of the ndii ii 
constant and equal to OQ,tb 
distance between thepanJU 
axes of motion. 

A clearer idea of such mo- 
tions may be had by analyzuig 
Fig. 70. Let the revolutioD 
be in the sense of the airowa^ 
and let the egiud qnadranti K 
and M' begin contact at i. 
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Then, after a qnarter revolution, a and a will be together at Am 
Then the quadrant W engages with N, and after anodier qoaitV 
revolution of Q, h and b will unite at B. Arc €2S = i2S on K' lO^ 
the velocity ratio is as Q(2 to 0^2. Then B and B' act togeAJeri 
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the velocity ratio ^ till o and c' coincide at C. O has 

Uc 

cnade a complete revolution, but Q has made less than one 
iition by the angle c'QA, go' being equal to j>fb. To bring 
adii QA and OA of the quadrants M and M' together 
. at A, the wheel Q alone must revolve through the angle 
For this, an imaginary sector, of radius QO, must act 
a like sector of radius = at O. Otherwise, cut off R' 
ie radius Qe, and R, by the arc cf= ec\ and then 
e QO into segments inversely as the arcs Am and An, for 
adii of a fourth pair of sectors, QA'H, and OAH, marked 
d S, which will cause M and M' to begin contact again 
one complete and simultaneous revolution of each wheel. 
). Elliptic gears, when used merely to make a motion 
: in some parts and slow in others, and not arbitrarily, but 
special reason, are modulators. They are simply equal 
imilar toothed elliptic wheels, with teeth formed by a con- 
generating circle as in circular gearing. But their centres 
►tion are foci, at a distance apart equal to the transverse 
and the point of contact will then be on the line of centres, 
tic gears are sometimes seen in slotting machines, for planing 
parts as the insides of connecting rod straps, where the 
ig tool, instead of the piece to be planed, travels back and 
Hence, it is a valuable saving of time to have the tool 
faster on its back stroke when it is idle ; as the planer 
does when it travels under a fixed tool. The driving 
e revolves uniformly, then its longer radii will act with 
lorter ones of the follower, giving the latter a high angu- 
elocity, during the retreat of the tool, and contrariwise 
g the advance of the tool. 

c — ^Warped Modulators. 

'. The helicoiddl dutch. Fig. 71, is merely one in which 
)inciding edges, as ah, may 
elices, and boundaries of 

helicoidal surfaces. They 

together easily, and if B 
le driving shaft revolving 
own by the arrow, it has 
bearing surfaces, as ac, at 
angles to the direction of motion. 
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CLASS VI-OPERATORS. 

139. Operators (39) are those parts in any machine which 
t directly on the raw material, or to accomplish the work to 
done ; as the piston or plunger in a pnmp ; the cutter in a 
xxi or iron planer ; the shuttle in a loom, etc. They are really 
jls, opei*ated by a machine instead of by baud ; and here it 
sty be noted that wheu machines are used in making other 
ELchines, which in tura are employed in the manufacture or 
eparation of articles generally used, such as clothes, newspa- 
re, etc., the former are now often called tools. Thus lathes, 
aners, drills, and the other machines of the machine shop, are 
vertised and known as machinists' tools, while hand tools, as 
renches, files, etc., are often called bench tools (31). 
Though few of the examples in the colunm of operators in 
e General Table need illustration, on the plates, yet several 
e of interest to mention briefly. 



A— Point Operators. 

140. Movahle soajo teeth, a recent invention, may here be men- 
)ned first, by reason of the magnitude of the lumber manu- 
cture. 

Fig. 73 represents a tooth for sawing small logs. Above the 
le AB it is tempered ; the rest is soft enough to bend without 
•caking. This allows the throat A, Fig. 74, to be made larger 
an in solid saws, where the whole saw is tempered. A lai^r 
earance is thus afforded for the shavings and dust cut away by 
e teeth. The perforations allow the teeth to retain their form 
. they wear out. The teeth are made wider at the point, P, so 
lat the whole surface of the saw will not press against the log. 
Fig. 74 shows a fragment of a saw, showing how the teeth are 
iserted in the plate. 

A shows a tooth inserted in a section or piece of the saw plate 
. D the rivet, one-half in the saw plate and one-half in the 
oth. B, the incision in the saw plate, has a Y rib made on the 
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itiutnttie saw plate from the nde then put in the rivet and 
bead it up to fill the countersink, and cut or file it off smooth 
with tlie plate when the tiKrth will be held aa fimily in the saw 
as a bclid tooth. The teetli are made tliicker at tlie [Htiut than 
the saw plate, so they can be easily sprtad to gi^e tliera the re- 
qiu'red net and new teeth can he inserted in case an old one 
breaks or la torn out uhich seldom happens 




^^■.I^. lb ehowB an arc of one of these eaws in oi>eratioii, and 
^^ritli the under side of the tooth, AB, tangent to a oirt-Ie, CB, 

of thrce-fourtha of the radius of tlie saw, the latter radius being 

estimated from the points of the teeth. 

141, Figs. 76 and 77 represent a recent improvement called 
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perforated saws. They are said to poesesB many advantages^ 
snch as the saying of frequent ^^ ganuning," that is cutting or 




FlOb 77 l eptoat n to a tttgmiuA of m dronlar Splitting Saw, 16 inches in dlsxatter. 



filing out the throats of teeth as they wear away ; prevention of 

expansion of the rim, and fracture at the inner angle of such a 

planted throat as may be left 
by filing. Line 2, Fig. 76, 
shows the line of wear, and 3 
the last tooth before the saw 
is worn out. The labor of 
trimming the inner edges left 
bv bre«ikin<i: out the bars be- 
tween the perforations is small. 
Fig. 78 i-epresents a new 
patent f oiin of cross-cut saws ; 
the short or clearing teeth aitJ 
about -j^ in. shorter than the 
long or cutting teetli, and act 
to clear the kerf of saw dust 
142. Fig. 79 shows the usual 
form of saw teeth, with the 
teeth bent alternately to right 
and left, to make the kerf 

wider than the thickness of the saw plate. 
Movable-tootlied circular saws are made of all diameteiB 

from 8 to 88 inches, and solid perforated ones from 4 to 73 

inches diameter. 




Fio. 78. 



UACHIKE CONSTRL'CriOff AND DEAWINO, 303 

With a saw properly hung in a tnie vertical plaiie, and firm 
on its axis, or mandrel, and with the Ifjg carriage runDiiig steadi- 
ly true on a firm bed, 9,000 feet per minute is pronounced a 
proper speed fur the ri;ii nf n circiilur saw. 




KXAMI'LE L. 

LyaWs Positive Motion Shuttle. 



^v Description. — By a "positive motion " is meant one in which 
^Ke moTing piece is taken hold of by that which moves it, bo 
tliat it must move unleea there be an obstruction, sufficient to 
break the connection between the piecea. This is the character 
of most mechanical movements. Ou the other hand, the motion 
of a fly-wheel after all ateam has been Bbnt oflt, that of a ^alve 
uloeed by a weight, or the natural flow of water through an open 
pipe, are passive motiouH. In other worda, pogiiive or necessary 
1 motioiiB take place becaune they tnvat, while passive or Jree 
^^Dotiona cuntinue because notJiing actively prevents. 
^» Now the motion of tlie ehnttle of a loom is of the latter class. 
Any one who has seen the operation of either hand or power 
weaiHng, will remember that the shuttle is thi'own tln-oiigh be- 
tween the warp threads by hand, or by a rod called a picker staff, 
Ihvee npper or free end gives the shuttle a quick thrust, and 
len leaves it to find it« way across the loom. 
l'[The remainder of this description ia condensed from the 
Scientific American," and the "American Artisan."] 
Notwithfitanding the pereiBtence with which theae metliods 
<d actuating the shuttle have continued, there have always ex- 
scrioiia difflculliea, which it was desirable to obviate, 
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-:_- -.:.— - :-' :^*i 'ii-- ^ *-";*■ — i---V ^^ -r'.'ci.-: r breakage. 

1: ^ri~ .z t:i- -T • •> -- • - — r - -" iv:::^ cannot lie 
v-i . -- i."*:. I"--" ■:-. - ■' n xj-A-i. ;.«rrrV.-'.y ?:ra:irbuMied 
Y — :: :- -li.:. .:^ -_- ;. - ^ r : ':- '. • .... jz.i if :Le I'iece k 
^ . : - -.:■: - : : T--1 <:■ -' i. ..fr * ::. •"_- reri. & ?'ack woven 
<7-...^ \- t. »- ;-• "^^ „■:. •_■- -f: "--^ ^r::-i:;.«:er • f the tissue. 
■_-. r.*TC "■_:-■ ■-'T ?-- 1^.7 T-L* "Tj." t>^ ■-::!'. ct-rru::::Y. a regular 
^„^. :■..--: - T . - _'^ r-'.. ">'. ■- •-li-.-h ir :5 iinjK-fciible to 

"' - - r^ .---: ^u.-It- T-ir -:.7.::le :-x after its flifflit in 

.. -t-r : ■"-'-■ '- ^- - ' --^ ' ^^^- ''-^ ^ the lay makes iU 

,^^-_ \ X ■- k:..: ..: ?- :'rr:V.: :!:.*:, a: this }»i.»im. the tlireads 

. ... V — -j.il. :*r ?-"-'-. iri vi. :: a:ra::;st the exterior threads 

- -».; % i-. ■ ■-• «*::c 'hr sl-.-T'lr. is i-ecoe-^irv to make a perfect 
^ v:^. T:--S :>rr:e*: a-: ::s:::ierit is ditlieiilt of attainmeut, 
^ . : . : > "1.-." TJi^ cr.Ar.i-.:cr f the selvedge on a juece i)f linen 

, ^ ^ ^ , ..i^ if ::r : ::.e crltt-riMns by which the quality of 

-1. -^i.*"'^' "=' ^r:er:v.:r.ed- 

•■ • -e^- -cvv These defects entirelv, a motion radically dififerent 
«5. -Mi^::i:\xi. The pr^.-blem may be eaunciated as follows : — 
V5>:'ii^ ^^^ pivxiuce a p.njitive and uniform motion in a 
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Sinttle, by meanB of an external appliance moving exteriorly to 
tibe sheds of the warp 'without positive connection hetween the 
shuttle and the r/wtor through which it receives its motion, A 




Krobl 
^BoDni 

Ktb 



)blem, which the majurity of mechanics would have pro- 
iced impossible, had not Its possibility been demonstrated 
this invention. But the problem ia further complicated by 




I Mil I \i i^nr^. 




^\ 



xv-^^KL tari TT»^ vidt die ehnttle and its car- 
- "~ ^^ >fc » a fi«T»iii iHiistimting the action of the 
"'"^ j .^wwetn i^m «m1 in the wup. In Figs. S3 
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1 83 it will be eeen that the shnttle ^j, is furnished with two 

^ers, i, which are supported — the lower part, ah, of the shed 

I the warp interveiiiiif; while the shuttle passes through the 

—upon t«'0 rollers, 3, in the carriage. The fan'iage has 

two lower rollers, 2, whicli run \i[vin the Ijuttoia of the lower 

rail of the race-way, I, and the shuttle has two upper rollers, 5, 




liich mn ag^st the bevelled under side of the upper rail, «j, 
f the race-way, which keeps the shuttle in place in front of the 
reed, «. 

The lay is carried by the awords, ^, in the usual manner, and 
" B movement may be prinjuced either by a crank-motion or by 
i cam; but the inventor perfers the cam, as it enables the 
iiovements of the lay and shutttc to be better timed. The 
puttie carriage is connected at each end with a band, u, 
_:• 81, which passes over rollers h, at each end of the lay ; 
lience downward and under two rollers, c, attached to the 
wer parts of the swords, and around a horizontal pulley, d, 
r Uie floor. Attached to this horizontal pulley, there is a 
hion whicli gears with a horizontal sliding-rack, p, which 
i a reciprocating motion through a pitman, yj from a 
crank-wrist, g, carried by a disk. A, on the lower end of a ver- 
tical shaft working in a stationary box, a, attached to the out- 
Bide of the loom framing. On the upper end of the vertical 
"Tiaft there is a bevel-gear, i, gearing with and deriving motion 
a a bevel-gear,^', on one end of the shaft, A, which carries 
B cams for operating the lay and those for producing the har- 
i motion, by which alternate warp threads, as ^A and M, 
B alternately raised and depressed, so as to interlace 
h the cross-thread or woof. The reciprocating motion given 
Hthe rack, e, by the bevel-gears, _/, i, vertical shaft crank-wrist, 




OF 



. -: - it:::^!:. "'. '^r 'LiK-e*. '>y its action on the pinion, an alte^ 

I-*.- r ■^- • rrMvi rr'^:^ .-» nny 'jKTiijn 'jf the pulley, rf, which by 

-"■'■.••'u:e:'" ■.■••-I'ii"-!: uid ui'rin^iinir the band, w, on opposite 

: .•^^. t^=^'?' ::•? Jtii- L "t • :zi* -vm -iie -jhattle carriage back and forth 

.. -^ z*T 1" iii'j. in-itrr "iie Trirp. thereby causing the carriage 

-J— •-*? -iium-r *-K*i ind f-rth tiirough the open shed of 

" •!:;• -^-a::' au::ir»f f -iie motion is that the carriage 

._ :'• s. ::::-. v.^r "iie i:i:erven:ni: Lnver shed of the warp 

.. ■_•; r- "^t :i viiicli :s •jr«iuced bv the flv-shuttle and 

.■*'a1x "he T-iTj. TLe manner in which this is 

.'. - j??ra:e«i \v -he Lia^rAiii. Fig. >4. The carriage has 

: •. -,:^':'t.>c ■er»Ier.t"- "■ ■ jrdnce any lateral displacc- 

': ;t.-' :l:—.s Vit^ !• 'ver r* Uonj. 2, « -f the carriage are 

• -^-^ .-■-. o fc ^ lur- 'II* r:..r.. like diat *'f the wheels of a 

- ... •.-•t^T. itt r yacssitre al- r.:r the iH-ttoin of the r&ce- 

.- ...*. •. > r. :.:i 11 •:* '-.'ryar-ei. by o-ntact. to the upper 

. ."v . : ::f :'!'• >;'v iirvcri- u. as indicated bv the arrows 

; t - . ^ ! '/"c '^. cilice r«. Here '2 an? in slotted bearings, 

-^ :»^ -•- *■■ :^-:: c -' :^ ':• rce Vv p.-Uer? 3. The shuttle is 

-^:-. -la*!* t ::.> i^'irr •'. :e •Ji-.vir.ir t'^ the right. Hxe dots, 6, 

«. --<: . ■♦, 1 ":!e "iir^fiiiis f rile warj> yarn in two positions. 

■^^ - , . re -a-'— er drsr striken the yam in the lower 

,^ : i. . «> ;:• t'> al« r:g with the carriage, the latter 

. . ■ ::v -c'-^ '-e irjier van ^.f the nailer, 3, in contact 

.. A -u". •■* r< ' ;sr as :a:?c :•• rhe left, and s*.» dc»es not tend 

,. -- -'-t \^. ■■ \-'':'. \ ;u' trereiy lift.* up the latter to the 

, ^. • >i V .:. V*Te :^.carv motion of the n.^Ilerf, 3, is trans- 

ri. :• • tsrri :'c %ar'j :o ie I-^wer n.llere, 4. ^.-f the shuttle 

^ X ^:»i.> c *:!e vtiry are saoces«^ively passed between the 

V. v-^ ».-a: t^ "*'C"^- i scarcely v-erceptible nJliug but no rub- 

• 'X »*K V -> J !,>».■ r«>e\i '^tvration. the shuttle being acted 
J,.: w .. ' .t;*« .A-v: *\^ a ..'inx: aiKi v>»m:nu« -us connection with 
.^ ., ,, . -^ i%vr. ".> activu :s al^lutely p<isitive. and is ppo- 
,^v>%. * -^^ * * ''-^ iH*^vcr. and with at any sudden jerk. 
•^ .-wtx i->i\. /. ** A* arrani^?d as to irraduallv overcome the 
i^vv: * . v >ii icve a: srarri'ig fr tn one side • r the other of the 
»wv.», ^' V. ■ A • *c *-•* acvelerated motion as far :is the centre erf the 
*,^ >..•%• wtvi*H*rds a gradually slower movement — gradually 
^ ikifr MtWMttCum of the shuttle as it a])pn>aches the other 
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side. One great advantage derived from this is that the weft 
is not subject to sadden pulls in starting, and another is that 
the shuttle does not rebound, and a tight and even selvedge is 
sure to bo produced. Another advantage of the positive 
shuttle-motion is that it enables goods of any width to be 
woven. It is as easy for this motion to carry the shuttle through 
the widest as through the narrowest warp, and so it enables the 
widest goods to be produced at the same cost per square yard 
as the narrowest 

Canstruction. — These shuttles are of various sizes. The one 
shown in Figs. 82 and 83 is on a scale of 3 inches to 1 foot. 
These figures may therefore be drawn to scale by the student. 



B — ^Line Operators. 

143. Among linear operators may be placed all cutting 
edges, whether straight or curved. Among the latter are the 
helical edges of hay cutters, where the cutting action is in a 
radial direction, and those of the Kuggle's slate trimming 
machine where the cutting of a revolving helical edge takes 
place tangentially to the imaginary cylinder on which tie edge 
is traced. 

O—SURFACE OPERATORS, 
a — ^Plane Operators. 

EXAMTLK LI. 

Ai/r Pvmp Bv/iket of a Marine Engine. 

Description. — PI. XXVII., Fig. 1. represents a vertical section 
of the bucket, on a scale of 1^ inches to 1 foot. As the bucket 
descends in the air pump, the water of condensation below, 
from the well K— A'K', PI. VIII., Fig. 1, of the bed plate, 
lifts tiie rubber valve through the gridiron bottom, and fills the 
backet above tiie valve. Then, as the bucket rises, being open 
above, the water in it and the external air close tiie valve and 
the water is emptied into the hot well over tiie pump, by lift- 
ing the floating cover of the air pump, which is tightiy held 
down by tiie external air during tiie descending stroke. 
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Tliifi pump thus removes water, as well as air, from the oon* 
denser, but on the latter account, which is the most importaQt 
one, it is called an air pump. 

Conetruction. — All tlie principal parts being circular in 
plan, a half plan may be added bv the student with saffident 
accuracy, and the scale may be further reduced to one4weyik 
or onesixteentL 

b — ^Developable Operators. 

These, in the form mainly of cylindrical or conical bending 
or sliaping rolls, as used by sheet and plate metal worken^ or 
in rolling mills, do not need detailed illustration. 



o — ^Warped Operators. 
The Screw Propeller, 

Preliminary liemaris, 

143. Here we have probably the most important example of 
operators, in respect to the magnitude, and the scientific, com- 
mercial, and social interest of its applications. 

The adequate treatment of it, alone, would be enough for a 
volume, and must detain us longer than tluit of any other ex- 
ample, tliough only the elements of its fonuation and adioD, 
treated geometrically, can here be given. 

144. Steam ve^?els have for a long time been propelled by 
the reaction of water against the nidial floats of wheels, one on 
each side, and usually revolving on the same shaft ; placed 
transversely across the vessel. Only a small arc of the cir- 
cumference is submerged at once, and to a small depth. Such 
wheels are cMillcd j>addle roIteeU, 

But, of late years, wheels with arms or blades oblique to the 
wheel axis, placed at the stern of the vessel, entirely Bab- 
merged, and revolving in a plane perjxjndicular to the path of 
the vessel, have been increasingly employed. These are ww» 
propellers. They, and the hulls propelled by tliem, have been 
already so far |>erfected in respect to mutual adaptation, that 
the days of paddle wheels have been considered as nnmbeied, 
except for use in waters so shallow that submerged propdkn 
would be inadmissible. 
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145. The screw propeller acts upon the water in which it is sub- 
merged, so that the reaction of the water shall impel the vessel 
to which the propeller is attached, in the direction of its keel. 
The vessel is supposed to be free to move under the action of 
any force which is suflScient to overcome the relatively small 
resistance of the water, by friction and inertia, to cleavage by 
the passage of the vessel through it. Finally, as the water in 
which the screw acts is confined by the all surrounding water, 
its reaction becomes effective as an impelling force. So much, 
only, at present, for the general idea of a propeller. 

146. The study of the screw propeller is encompassed with 
much needless obscurity, arising from want of due express 
recognition of the few simple geometrical facts and relations 
which belong to it, or are connected with it 

The treatment of it will therefore next be cleared ; f/rst^ to those 
who have not kept themselves familiar with descriptive geometry, 
by a brief rehearsal of the great divnsions of sxi^fa^e and lin^^ 
and a reference of the propeller surface to its proper geometrical 
position ; and, second^ to theoretic^al students by a popular de- 
scription of it, and precise definitions of its several parts. 

< Introductory geometrical Principles. 

147. The forming of a line, or a surface, by the movement of 
something simpler, is called its generation. The moving mag- 
nitude is called the generatrix ; any ^xadi pointy or line^ which 
guides this motion is a directrix ; and a similarly fixed surface^ 
is called a director. 

Now, any line, or surface, may be defined in two ways, Ji/rat 
by a description of it, consisting of the enunciation of any one 
or more geometrical properties possessed by it ; oi*, se<,vnd', by the 
method of generating it. We will here define lines and sur- 
faces in both ways. 

148. Any line is generated by the motion of a point. It 
consists of a series of points having but one direction at any 
one of its points, and but one dimension. Every surface is 
generated by the motion of some line of constant or variable 
form. It has extension in but two dii*ections at any one of its 
ix)int8. The different positions of the generatrix are elemenis 
of the line or surface. If straight lines, they are called straight 
or rectilinear demerits. If two elements have none between 
them, they are conseoutvoe. 
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one revolution. If great, it is tenned coarse. If Bmall, it is 
called ^^l^. 

The more general f onns of helix may have a variable radivs^ 
as well as pitch. Such would lie on conical, spherical, or other 
surfaces, while the common helix evidently lies on the surface 
of a cylinder, having the same axis as the helix. 

154. All suEFACEs are either 

Ruled, or 
Double oueved. 

A rvled surface is any one on which a straight Une can he 
drawn in one or more directions. It is generated by the move- 
ment of a straight line. 

A dovhle curved surface^ is one on which no straight line can 
be drawn, as a sphere, or an egg. It can, therefore, be generated 
only by some curve. 

155. All ruled surfaces are either ^^^, or 

single curved. 

Kjplane surface is one on which a straight line can be drawn 
in any direction. It is generated 
by a straight line, Roving par- 
allel to itself upon another straight 
line; by a straight line moving in 
any manner upon any two parallel or 
intersecting straight lines ; or by the 
revolution of a straight line AB, 
about another, AC, perpendicular to 
it. 

156. A single curved surface^ is 
such that through any point on it, at 
least one straight line can be di'awn ; p,^ 85 
as on a cylinder, or cone. It is, there- 
fore, generated by a straight line ; moving so that its points gene- 
raUyj describe curves. 

157. All single curved surfaces are either 

devdopahle^ or 

wa/rped, 

A defodopahle sv/rface is one which, like a cylinder, or cone, 
can be rolled out upon a plane, so that at each moment it will 
have a line, or element of contact with the plane. Such a but- 
&ce is, therefore, generated by a line whose consecutive positions 
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same angle with any plane perpendicular to its axia Dd. 
Hence snch a plane is a director, tliis aimpU uniform relatdou 
being of nse in constmcting the BurFace. Hence, alao, the sur- 
face has two sets of eUmentt, ae AB, and inn, inclined eqnally, 
but in opposite directions, to the director. 

Likewise, in Fig. 67, AO and BD could have been taken as 
directricea, and AB as the generatrix, moving upon AC and 
6D, and keeping parallel to the vertical plane ABE. N<me 
but these two warped surf aces have this property of having two 
Bets of elements. We have dwelt upon them, on account of 
their simplicity, in order to lead the mind to a conception of 
warped surfaces generally. 

/W2. Proceeding, now, to the screw surf ace. If an indefinite 
line, AE, Fig. 88, reTolve, horizontoMy, that is, with no ascension, 




about the vertical AC, it will generate a horizontal plane. 

If it only move upward, parallel to itself, it will generate a 
vertical plane. 

But if it combine both motions, hoth heing also uniform, it 
will generate " a spiral surface," " a twisted plane," geometri- 
cally termed a right kelicotd, or, more specifically, tlie oomTnon 
right helicone. It is called a helicoid because the path of any 
point, as B, of the generatrix, is a helix BD (152). It is called a 
right helicoid because all the elements AB, al, etc., are perpen- 
dicular to the axis AC This is the surface of the under side 
of circular stain; and the edges of their steps are detached 
elements of a similar surface. It is also the working surface of 
iqnaro threaded screw, and of the common screw propeller. 
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163. The height on AC, attained in one complete revolotioii 
of AB, is the pitch of the helicoid, or screw. The pitek is tbe 
same for all points of AB, since all ascend equally as Billed 
above. But the circular part of the combined motions of ead 
point is greater and greater as its radial distance from the asB 
AC increases ; so that the ^^ steepness " of the helicoid is greatest 
at the axis, where it is vertical, and is less and less the fortlier 
we recede from the axis ; just as circular stairs are steepest netr 
the central post about which they wind, and flattest at their 
outer circumference, as already explained in describing a beliz 
(152). 

164. Merely for completeness, we add. Fig. 89, that if we 
substitute for BA (162) a line, as BD or BE, to revolve uni- 
formly around the axis AC, while it also 
moves uniformly upward, it will generate an 
oblique helicoid^ which is the surface of a 
triangular threaded sci-ew thread. Thus if 
FG revolve about AC, the two being parallel, 
it will generate a cylinder, and the portion 
TMe^ by both revolving and ascending uni- 
formly, will generate the thread wound upon 
that cvlindcr. The commofi helicoids, both 
right and oblique, thus have unifonn pitch. 

165. Kctuming to Fig. SS^ the axis AC, 
and the helix des>cribed by any p<jint of AB, '''°- *•• 

are the two directrices of the right helicoid, and as all the de- 
ments are peii>eTidicular to AC, they will all be parallel to a 
plane which is perpendicular to AC. 

Such a plane is, then, the j>lane director of the heliodd. 
WHien AC is vertical, this plane will be horizontal. 

If the generatrix ascend faster and faster, while it revohes 
uniformly, the helicoid will have an " expanding pitch." Such 
a helicoid is one in a more general sense than one having a uni- 
form pitch. 

166. From tlie foregoing geometrical definitions, we will pro- 
ceed according to (146), with a more practical description of the 
screw propeller, as actually used. 

A screw propeller is essentially the same in form and action 
as any other screw. See PI. XXIII. It differs, J?r«^, in having 
a much greater pitch in proportion to its diameter ; aeecmd^ in 
being much shorter, so that each of its threads, called a/rmiB or 
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MadeSj is but a small part of one complete convoludon of a 
tfai^ad about the axis, and third, in having but one helieoidal 
face to its blades, whereas the threads of a common screw are 
alike on both sides, to enable them to work in solid nuts. 

167. When a screw, working in a stationary nut, acts upon 
any movable object, both advance, and that equally. In screw 
propulsion, water, being a yielding medium, efiFectually takes 
the place of the nut only to certain extent, by virtue of its 
weight, incompressibilty, and inertia. So that a screw propel- 
ler, revolving in water, actuates a vessel in the same man/nerj 
though not to the same extent, as a common screw, working in 
a fixed nut, moves an object placed before it 



SUp. 

168. The difference of advance in the two cases (167) is the 
sUp of the screw, or, more definitely, the hachoard slip, and 
may be defined as the distance wliich a cylinder of water, 
of the same diameter as the screw, has been pushed backward 
while propelling the vessel forward. This slip, usually ex- 
pressed as a per cent, of the pitch, is then called the coefficient 
of slip. 

Thus, suppose a screw vessel to pass over a measured mile, 
with 200 revolutions of a screw of 30 ft. pitch. The advance 
of such a screw in a solid nut being 30 ft. for each revolution, 
would be 6,000 ft. in 200 revolutions. But 176 x 30=5,280=1 
mile. Hence, in the 200 revolutions, there has been a slip of 
24 revolutions =720 ft. That is, the co-efficient of Blip=^Pj^^ 
=12 per cent of the advance due to the pitch. 

169. That radial edge of a blade which first enters the water 
is the forward or leading edge. That which last enters is the 
after, foUowi/tig, or trailing edge. 

The central support of the blades is the hvh or how. 



Lateral SUp. 

170. In the case of a screw, working in a fixed nut, there is 
not only no motion of the nut in the direction of the axis of the 
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screw, but there is no rotation of the nut. But in the case of a 
screw propeller, the yielding character of the water or floid 
nut, in which the sctrew works, occasions not only a backward 
slip, but a lateral one. That is, the friction of the blades 
against the water, and their lateral pressure also, communicate 
a measure of rotary motion to the column of water in which the 
screw acts. 

Thus a centrifugal force is developed which results in a ce^ 
tain amount of lateral dispersion, or tendency to it, in the 
cylinder of water acted upon by the screw. 

171. Screws have been made with the blades curved haokwafd 
to confine the water, and propel it rearward with uudiniidied 
diameter, equal to that of the screw. But otlier makere have 
curved the blades forward to secure other supposed desirable 
results, so that, on the whole, a simple screw is considered by 
othera still, as good a form as any for a propeller. 

These modifications will not, therefore, be discussed at pre- 
sent. 



Negative Slip. 

172. Let S, Fig. 90, be a screw working in a nut, N. Let 
this nut be capable of sliding backward or forward on the car- 




no. 9a 



riage, C, and let C, likewise, be arranged to slide on the fixed 
bed, D. Now — 

Firsts let all parts be stationary except the screw, which sup- 
pose to have a pitch of 10 ft. One revolution of it will then 
advance its point, P, 10 ft This corresponds to the case of a 
screw vessel moving in smooth water and with no slipy under 
the action of the screw alone, a case probably never fully real- 
ized. 
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Seoondy while S, in making one revolution, advances 10 ft, 
let N move backward 2 ft. 
The point, P, will then +10 

have advanced in spacer 
Fig. 91, but (+10)-2 ft. 
=8 ft. This corresponds 
to the usual case, where 
the retreat of the nut represents the distance which the water is 
pressed or displaced backward, in a horizontal cylindrical col- 
umn of a diameter about equal to that of the screw ; while the 
latter makes one revolution. This 2 ft. then represents the slip ; 
in this case 20 per cent. 

Third, the last conditions being still retained, let the car- 
riage C move forward 3 
ft Then the point P r "*"'" 

will advance in space 10 |c -{-io 
ft, due to one revolution 
of the screw, minus 2 ft. 
due to the retreat of the 
nut, plus 3 ft, Fig. 92, 
due to the simultaneous 
advance of the carriage containing the nut = 10 — 2 + 3 = 11 ft. 

173. This corresponds to the phenomenon, actually observed, 
of an advance of the vessel, in one revolution of the screw, 
greater than the pitch of the screw, i. e., greater than the ad- 
vance of the screw would be, through a solid nut, in one revo- 
lntion« 

This excess is called negative slip. And, as in the above 
model, it would require the same force to turn the screw, 
whether the carriage moved or not, so a vessel revealing nega- 
tive slip is not really dragging her screw, but is propelled by it 
Negative slip may arise from a vessel's moving in a cuiTcnt which 
itself moves forward faster than the screw presses the water 
backward. The carriage, therefore, in the first two cases repre- 
ient6 still water, and in the third case either a current, as just 
dMoribedy or a local current created by the friction of the ves- 
m1 and carried along with it, or by the rush of water from the 
Mtfwaid into the partial vacuum at the stem, when the latter 
ti^^fttitB blunt, as some think, or a favoring wind capable of propel* 
U)^g'ibn vQBsel faster than the screw repels the water, or, finidlj, 
0Ny eanfle which advances the ship more than the slip retards it 
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In the case supposed of the blunt stem, the screw, instead cf 
literally pushing a column of water rearwai*d, is itself piuhed 
along by water rushing against it in the direction of the vessel'f 
motir>n. Lateral slip also tends to tlie production of a par&l 
vacuum behind the screw, which would further invite ihis 
inflow in tlie line of the axis. 

174. The slip, L e,^ common, or backward, varies np to 46 
per cent., according to the inodtl of the vessel ; the ratio of its 
immersed section to the area of the circle described by the 
outermost point of the screw blade ; tlie pitch and length of die 
screw, etc. Ilence quite a strong favoring ^vind, acting on 
sails, or a current, may not always overcome the slip but may 
only reduce it 

Thus, if a screw of 10 feet pitch, while revolving once, ad- 
vance a vessel but 6 feet in the same time, the slip is 40 per 
cent. But if a breeze or current would advance the ship SJ 
feet in the same time the total advance would be 8i feet, and 
the apparent slip 1^ feet, or only 15 per cent, of the pitch. 

We thus see the importance of these extraneous conditions of 
wind and current being the same during the progress of experi- 
ments on diflFercnt vessels and screws. 

It is stated to be true, within usual limits, that as the pitcli of 
a series (jf screws is increased in gcometrial pr(.>gre6sion, their 
slip will increase in arithmetical progression, for all lengths of 
screw, other things being the same. 

But, interesting as the subject is, we must stop somewhere, 
and therefore refer to the extended work of Bourne on the 
screw propeller, for further details based on tlie numberies 
tabulated experimental results given by him. 



Irre</ular Screws. 

175. These are screws, the acting surfaces of whose blades are 
other than common right helicoids. They are of two general 
classes, first, tliose of expanding pitch, and second, those of 
variable pitch. 

Screws of merely expanding pitch have fixed bladefi^ as in 
the plain or common screw. Those of variable pitch have 
movable, tliat is, adjustable blades, whose pitch may be nnifona 
or expanding. 
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176. Expanding pitch is either simple or compound. Simple 
esopcmding pitchy ^L^m^ is of two kinds. Firsts if it increase in 
a direction parallel to the axis, as in case of a cylindrical stair- 
case, becoming steeper as it ascends, it is an dxiaUy expanding 
pitch. Such pitch increases from the entering to the trailing 
edge of the blade (169), that is, it is greatest at the latter line. 
Secondj to illustrate by the circular stairs again, suppose the 
edges of the steps to be curved upward or downward, the 
height of each step would be greater or less, respectively, the 
farther it was from the axis; but let all the steps be of 
equal height, measured at the same distance from the axis, 
the screw, of similar form, would have a uniform pitch at any 
one distance from the axis, but the pitch at different distances 
from the axis would be different. This is radially expanding 
pit<ih. The generatrix might also be a straight line, with radially 
expanding pitch, moving upward, for example, so that any point 
of it out of the axis would have a greater pitch than at the axis. 

177. Compound expanding pitch is a combination of both 
axial and radial expanding pitch in the same screw. This is 
illustrated by the stairs, by conceiWng the heights of the steps at 
the axis to increase (or diminish), while the heights at the cir- 
cumference should increase (or diminish) faster than at the axis. 
Then the helix, at any given distance from the axis, would be 
steeper and steeper (or the reverse) as it ascended, and the 
helix at the circumference would have the greatest (or least) 
pitch, though the greatest circular path swept over by it might 
make it less steep in both cases than at points nearer the axis. 

We will now illustrate in a simple manner the several suc- 
cessive elements of the formation of such forms of helicoidal 
surface as are employed in the designing of screw propellers, 
and shall then proceed to the representation of these organs in 
their practical working forms. 



Pbobleh XL 

To Construct a Hd/ix of Uniform Pitch and Radius, 

Let the axis of the helix be vertical. Then O— O'O", PL 
XXYL, Fig. 1, will represent such an axis ; and the circle with 
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radius Oa, will be, at once, the horizontal projection of the 
helix and of tlie vertical cylinder with axis O — O'O", upon 
which it lies. 

The construction is based immediately ujxm the definition 
(152). Thus, the division of the circle, adgt, into eqnal 
parts, indicates the uniform wtary movement of the generating 
point, a — a\ around the axis ; and the di^•i8ion of O'O" into 
equal parts indicates the uniformity of the axial motion. 

In the figure, O'O" is taken as the pitch of the helix, by 
dinding it into the same number of equal parte as are found on 
the circle adffh 

Observe that the equal parts here spf>ken of, are made so for 
convenience. All that is necessary is that the parts on O'O" 
should he proportioiml to the homologous ones on adgk. Ata) 
O'O", the pitch, is of any length, taken at pleasure. 

This being understood, let the helix leave the horizontal 
plane at a^ in a forward and upward dii'ection. Then a will be 
projected at a', on the ground line ; i, at h\ in the horizontal 
plane, B5', etc. ; as is obvious on inspection of the figur^. 

The foremost point, dd\ of the helix appears in vertical pro- 
jection on the vertical projection of the axis ; and so does the 
hindmost one, jj\ 

By joining the points a'h'cf </' . . . . t^", as shown, we get the 

vertical proje(;tion of the helix, whose horiz()ntal projection ui 
the circle of radius Oa. 

HemurJcs, — a — The figure is very fully lettered, to assist in 
apprehending the real position of the several points of the helix 

h — Ilad the generatrix, aa\ proceeded ha^hioard and upward, 
hV would have appeared at lh\ 

178. — The drawing of any irregular surface, as a sliip's sidefi^ 
is often called " laying down its lines." 

Every surface is composed wholly of line^ of some kind. Th/b 
lines, distinctively, of a given surface, are those which are most 
clearly (characteristic of it, that is, those which most readily 
enable the mind to conceive of it from a diagram. 

A screw propeller is mainly bounded by a cylinder, having 
thie same axis as the propeller, and by two parallel planes pe^ 
pendicular to that axis. We will tlierefore, as a preliminaiy 
construction, give the projections of a common right heliooid; 
first, as represented by its straight elements ; seoond, by iti 
helical lines. 
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Note. — ^All the figures of helices and helicoids, on PL XXVI., 
should be drawn by the student at least twice as large as there 
shown, and with a full descriptive title for each. 



Problem XIL 

To construct the projections of so muck of a comnum right 
helicoid, as is generated hy the radivs of a vertical cylinder. 

Let O— O'O", PL XXYI., Eig. 1, be the axis, and the circle 
of radius Oa, the plan of tlie given cylinder. 

The circle Oa, and the axis, are each equally divided, and the 
helical directrix (147) a^y/Tc — a*cf'h'a'\ is constructed as in the 
last problem. Then by the definition of the right helicoid, the 

horizontal lines aO—a'O' ; JO— J'B'— cO— ^'C 

aO — a"0" represent the helicoidal surface by its straight 
" lines^^ or elements, and for one complete convolution about 
the axis O— O'O.'' 

Remark, — To show the helical band which would be in- 
cluded between two concentric cylinders, draw any circle with 
centre O, and project its intersections with the radii Oa, etc., 
produced if desired, upon the indefinite horizontal lines OV, 
B'J', CV, etc., as before. See also Prob. XI. 



Problem XIII. 

To construct the projections of a common right helicoid^ which 
is generated hy the diameter of a vertical cylinder. 

Let O— 0'0",P1. XXVI., Fig. 2, be the axis, and Aa— AV, 
the initial position of the diameter of the given cylinder ; and let 
O'O" be the pitch of the helicoid. Divide the circle of radius 
Oa, and the pitch O'O", each equally, as in the last problem. 
Indefinite horizontal lines, Aa — K!a / A,a, — A/«/ - - - A,a, 
— A/a/, etc., through the divisions on O — O'O", will then be 
indefinite elements of the requii-ed, helicoid, and they will be 
limited as required, by considering the line Ao — K!a* as the 
g^ieratrix, and as revolving in this case, so that as AA' moves 
upward and forward, aa' moves upward and backward. Hence 
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number of equal parts, project all the points of Oa into O'a'/ 
those of Ob into B'J', etc., and join the joints as a'h'c'f'h! and 
^x^'fx^xt 6tc., of the separate helices as shown. This will give 
the vertical projections of the helices, whose horizontal projec- 
tions are the concentric circles with their centre at O. The two 
projections of these helices, then represent to the eye the heli- 
coidal surface. 

Here observe, carefully, that the steepnssa of any given helix 
is not to be confounded with its pitch. All the helices just de- 
scribed have the same j^i^cA, O'O", but their steepness decreases 
from the axis, where it is greatest, being vertical, to the helix 
whose radius is infinite, where it would be least, being, sensibly, 
= 0, for the height O'O' ' is as nothing compared with a cir- 
cumference of infinite radius (163). 



Problem XVI. 

To constricct the " lines^^ of a helicoid^ made hy its intersection 

with any plane parallel to its axis. . 

Let PQ, PI. XXVI., Figs. 1 and 2, be the horizontal traces 
of vertical planes cutting the helicoids. Since these planes a^e 
vertical, their horizontal traces, PQ, are also the horizontal pro- 
jections of all points and lines in them. Hence d"'qst is at 
once the horizontal projection of the required intersection in 
Fig. 1 ; and P^/irQ, in Fig. 2. In both figures, project up the 
points d'" ^^q^ etc.; m,w, etc. , upon the vertical projections of 
the elements Orf, 0<?, etc., and 0A„ OA„ etc., upon which they 
are found. 

We thus find on Fig. 1, dp' . . .t\ and on Fig. 2, m'n'p'q'^ 
for the vertical projections of the required intersections. 

The elements Om — o'm' and On. — v'n\ Fig. 1 (See Prob. 

XrV.), are parallel to the plane PQ, and hence never intersect 

it Likewise, the more nearly parallel an element, as Oo — G'c\ 

is to PQ, the further from the axis will it intersect PQ. That 

iSy those points of the curve d's't\ which are in the elements 

om' and v'n^ are infinitely distant from the axis. In other 

words, this curve will be tangent to those elements at an infinite 

distance ; hence the latter are said to be asymtotes to the curve 

d:8't'u\ 
15 
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It is HOW evident tliat such lines as the one just described are 
qnite inferior to the radial and helical ones in clearly reproBeni- 
ing the fonn of the helicoidal surface. 

Also that if we trace any kind of line on either projectioii 
of the helicoid, iti* ot/ier j)r()jection would be found by notii^ 
its intersections with the elements, or helices, in the projecti(m 
on which the line is traced, and by projecting these points into 
the other projections of the same elements or helices, and join- 
ing them. 

Problem XVII. 

Having given either projection of any point upon a heiicoidjto 

jind its other projection, 

We will describe the general, and two pailicular methods of 
solving this problem. 

The General Method. — Construct any line upon the heUcoidal 
surface and passing through the supposed point. The required 
projection of this point will be on the like projection of this am- 
iliary line. Thus, in PL XXVI., Fig. 1, if the horizontal pro- 
jection of the point were given anywhere on PQ, its vertical 
projection would be found by projecting it upward upon d'p'q'i- 

Partioulur method^H, — Firnt, — Let w, PI. XXVI., Fig. 2, be 
the given projection. Then, by Prob. XIV., construct the pro- 
jections, Om — r/;/?/, of an element through it, and in' will be 
on o'm\ Likewise vi\ if given, would be projected ujK»n Ow, 
to find VI, 

Second. — Constriu^t the hdtj' containing the supposed point, 
and the required projection of the point will be on the like pro- 
jection of the helix. Thus, haWng given k^ PI. XXVI., Fig. 3, 
construct tlie helix, d^f — <i'f\ through it, and k' will be pro- 
jected from k upon d'f\. 

Pkoblem XVIII. 
To develope one or more given heticea. 

When, as in PL XXVL, Fig. 4, we have among straight lines 

the relation 

AM:ME:: AII:HK 

the line AK, containing the extremities of the paraUelfl, UE^ 

nit, etc., is straight 
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Now with this the helix agrees, for the distances aJ, dc^ etc., 
from a, Fig. 3, on the base of the cylinder on which the helix 
lies, being proportional to the heights of the corresponding points 
h\ c\ etc., of the helix above that base, it follows, that when the 
convex surface of the cylinder is unrolled, and made flat, the 
base will become a straight line as AG, Fig. 4, the successive 
heights will be parallel as at IME and HK, and the development 
of the helix will be straight, as at AF. 

Hence, to develope a half convolution adf—a'd'f of the 
helix, make AG equal to the semi-circle adf^ and GF=Ay', 
and AF will be the required development. 

Again : as the common helix has, by its definition, a uniform 
angle of inclination to the horizontal plane, the parts aJ, hc^ etc., 
being equal in horizontal projection, are equal in space also. 
Hence the same parts are equal in development. That is AB, 
BC, CD, etc.. Fig. 4, are the equal developments of the equal 
parts ah — ah\ he — h'e'^ etc., of the helix. 

Making OA,=NF,=:the quadrant a^d^^ and drawing A^F,. 
this line is the development of a^d^f^ — ^I'^i/i'* 

In a precisely similar manner, all the helices of Fig. 3 are de- 
veloped at A.F,, etc., in Fig. 4, and all intersect at D. 
* Instead of laying off a quadrant each side of O, Fig. 4, a semi- 
circumference for each helix might have been laid off from Aj 
making tJiat the common point for all the developments. 

Problem XIX. 

From the drcidar projection^ a)id development of a heUx, to 

construct its spiral projection. 

Let odfBj PI. XXYI., Fig. 3, be the given circular projec- 
tion, and AF, Fig. 4, be the given development of a half convo- 
lution of the same helix. 

Divide adf and AF, each into the same number of equal 
parts. Then, by the properties of the helix already explained., 
it is clear that any point, as c\ of the vertical projection, is at 
tho intersection of a perpendicular to the ground line Aa\ from 
c?, with a parallel to the ground Une from C. 

Helices are often constnicted in this way, especially if the 
angle of inclination FAG be given. See also PL XXXI., 
Kg. 8. 
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tical or geometrical progression, as at MM' or at NN', in Fig. 
5, but with a larger or smaller common difference, or common 
ratio, the farther each is from the axis. 

In Fig. 7, the different pitches O'B', Mjr', Lc', etc, are in 
arithmetical projection, they having equal differences. 

To obtain pitches in geometrical projection let OA and OB, 
PL XXYI., Fig. 9, be two given lines. Then OC is a fliird 
proportional to OA and OB, and by a similar construction, 
joining AC and drawing a parallel BD, we find OD, a fourth 
proportional to OA, OB, and OC. Likewise we can find a 
fourth proportional to OB, OC, and OD, and so on, forming a 
geometrical progression. The curve, AD, Fig. 10, joining the 
outer pomts of these lines, when they are placed as equidistant 
radii, will be a logarithmic spiral ; all equidistant radii of 
which are tenns in a geometrical progression. We can then 
substitute such radii for JC, KG', etc., in Fig. 7. 

If AB, Fig. 8, revolve uniformly around CB as an axis, and 
so that all its points move with the same uniform velocity, 
parallel to CB, it will generate a screw of uniforra pitchy with 
a curved generatrix. 

If all points of AB move equally faster and faster in the 
direction of ths axis, while still revolving uniformly, AB 
will generate a screw with axiaUy expanding pitch, but uni- 
form radial pitch. If, again, all points of AB have an accele- 
rated motion, but if the velocity of each point increases faster, 
the further it is from the axis, the screw has then a radially 
ejpandififf pitch, and AB will be of variable form^ becoming 
Viore GU7'ved as it proceeds. 

In all these cases, the several concentric helices will cross the 
axis CB (in projection) at different points, as in Fig. 7 ; in the 
fii-st two cases, merely because the generatrix is curved ; in the 
last, for the additional reason that the pitch expands radially. 

The student will leam more, essentially, about various pro- 
pellers, by carefully constructing tlie last three cases, than by 
drawing the propellers themselves, without such separate drill 
on their essential differences. 

Problem XXIIL 
To develope the helices shown in the last problem. 
In PI. XXYI., Fig. 11, A' J = ABC in the plan, Fig. 7, and 
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JO = JO' in the elevation of the latter figure. Hence OA' is 
the development of the half turn ABC — ^A'B'C, of the outer 
helix. Likewise, KE = semicircle EFG, and GK = G'K from 
the elevation. Then GE is the development of the helical arc 
EFG — E'G'. From this description the rest of the develop- 
ment can be drawn. 

179. The preceding general problems furnish all the means 
necessary for showing how to construct the projections of the 
acting faces of the blades of screw propellers, these faces 
always being portions of helicoids of some kind. The term 
pitchy is applied to the propeller in the %a7rie Bense^ and with 
the same variations, as to the helicoids already explained. 

The ha4iks of the blades are the surfaces which result from 
giving such thicknesses to the blade at different distances from 
its axis, as are found to be necessary. 

Problem XXIV. 

To construct the jyrqjections of the acting faces of afouiMaded 

common screw propeller. 

The axis of a propeller iA its working position being hori- 
zontal, the screw would naturally be shown in two elevations. 
Therefore let the plan in PI. XXYI. ; Fig. 3, sene as one of 
two elevations for Fig. 12, and let the full circle, with radius 
Om, be the hub of the screw. Also let DBO, M05, cfde^ and 
KOE, be the four blades, as seen in end elevation. Construct, 
by Problem XY., the indefinite helices, beginning at c, c' ; K,K' ; 
D, D' and M, M' ; whose pitch=:D'D"". These are respect- 
ively, in side elevation c'rfVE:"E" . . . .; K'E'B'V'/DyB'J" 
a^'T^"" ; and WVd"a". Make D'B', the length of the wheel, 
flo that B, B' and D, D' shall be equidistant from vertical 
planes at dg and d'g\ Then, having projected, as in other 
cases, the concentric helices, as wmr, of intersection with the 
hub, we have n//ir,B^D — n'm!n'\ D'^'B', for the helicoidal 
face of one blade, osW) — o'sWV for that of anotlier, etc. 

If this screw revolve in the direction of the arrows, the re- 
action of the water, supposed to be at the right of it, would 
propel the vessel, whose hull would be at the left of it, in the 
direction of arrow N. 
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Wh" 18 identical in fann with M'J', but is an arc of the 
same helix with T>'g'W. Hence the right-hand wheel, D"d", 
correctly represents tlie left-hand one, T>'d\ after the latter has 
made just a quarter revolution. 

Example LII. 

To rejpresent variously limited propeller blades y with their 

canaetitric and radial sections. 

PL XXYII. ; Figs. 2-7. Fig. 2 is a common end elevation 
of the three screws Figs. 3, 4, and 5 ; in all of which the pitch 
is the same, for convenience of comparison. 

1°. — ^Figs. 2 and 3 are two elevations of a common screw, 
where ABCD— A'B'E'C'D' is identical in character with/T'G' 
H'A'^, PL XXIII. ; Fig. 1, half of whose horizontal projec- 
tion is f^G(j' Only that in the latter figure, the difference, 
gGy between the radii of the iniier and outer cylinders of the 
screw, is much less than rE — r'E', PL XXVII., the difference 
of the radii of the hub, and the cylinder of radius OC, cou- 
taining the outer helical edge, BEG — B'E'C, of a blade. 

NP — NT', etc., are concentric helices of the blade AC — 
A'C, which is seen flatwise in both projections. Likewise KL 
— K'l/, FG — F'G', et(^, are concentric helices of the blade FH 
— F'J'IFG', seen edgewise in Fig. 3. We see from this that it 
is not a very material error to make J'll', K'L', etc., straight; 
but it is quite wrong to make them in the same direction as 
their developments, rq\ K,L„ etc., Fig. G, by the difference y'A", 
Fig. 3 (for J '11') between J'A", the pn>jection of J'lP on the 
horizontal O'B', and i'q=rjY\g, 6. The error of representing 
NP — N'P', etc., as straight in the edge view, Fig. 3, of the wheel, 
is now apparent. Such lines may be used only as containing 
the points, N, N' and P, P' on the edges of the blade, and then 
no practical error will result. Bat to view them as represent- 
ing the helices, as N^P — N7'P is entirely wrong. 

Another error consists in speaking of a certain artificial 
figure, next described, as the '' development " of a blade, 
though no warped surface (158) can be developed. Such a 
figun5 is made by extending the chord KL, for example, till 
i)([ual to K'l/ (K,L,), and drawing a curve through its new ex- 
tremities andR. The conventional figure, formed by connecting 
the like extremities of the different chords, and which is broader 
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•: project.ii)ii, FII, of the blade, is sometimes called its 
*■ (loveIo|)inent ;" and tlio tnirvea haniig the extended (ilmrde are 
called tlie develoj^meiits of the helices Kill.. — K'L'. Tet this 
figuri! i-epre«enU nothing real, and is of no paiticnlar use. 

2°. A»8umed Jvnrt. of the side ineio of a ititfo.— ^Propeller 
blade? may be limited otlierwise than by parallel planes, as II'C" 
and A"B', Fig, 3. And, aa the fonn and size of the prf>jection, 
A'B'C'D', ehows, tlie nseiimed form of the blade outline is made 
on that figure, and thenee uonstmeted by projection, on Fig. 2. 

Fig- 4 shows a blade riuinded at the outer wnTiers and partly 
Btniight as sXf'g', and limited on the side by the line d'a'. The 
end elevation ehown in a light line on Fig. a, may be found 
by pn^ijectiug points as r, on given radii, o\er to the other pro- 
jection of the fiaiiie radius as at c. Othei-wise, by pi-ojecting 
points, as d' or /*', on any given helix, aa rl'i'y' or k'j'l', respect- 
ively, upon the otlier projection of that helix, as on d^^j, at d, 
or ?<jl at h. The point3,j|f" and gg' are taken on i-adii and pi'o- 
jected upon /'A and (fn. 

To conatmet the blade, G"We", Fig. 4, we have only to con- 
Btmct its helicea in the Bauie way as in Fig. 3, and then to pro- 
ject points as p't/' or s' on any helix of the blade BB"DD" upon 
the cori'esp<jnding helix of tlie giseii blade. Thiia e' on the ont«r 
helix i^"f, is pnijeeted at «", on the similar helix it\m."~—m!'ni"'. 

Z°. Pritpe!,l.ers with hJadei " heiit hnck" — This rather obscure 
phrase, may mean tliat a blade, as GFC", PL XSVIT, ; Fig. 
5. 18 tmncated by two cylinders, concentric or not, and pei-pen- 
dicular to the jmper, whatever bo the nature (rf the pitch, and 
the form of tiie genei'atrix. But it should, and probably does, 
mean that die generatrix is curved back as at OrE — llE'", 
Figs. 2 and 5. 

Li tills cose, FG and C"'D"' are eimply positions correajiond- 
ing with A'B' and CD' in Fig. 3. of the curted generatrix 
E "n. Hence FG and C"'D"' are not circular arcs, but curves, 
whose ordinates from LK could be determined by scale, at 
s points on a cai-eful construction of large size. 
, Tti coruitrtiet tha corwentric sections. — These are made by 
nitric cylimlere, whose common axis is perpendicular to the 

»r at O. Make K,«, Fig. 6, e<[«al to the are, KRL, for ex- 
ample. Fig- 2, and "L, equal to O'O", Fig. 3, the pitch of a 
blade ; then IC,L, will he the development of IvL — K'L'. Now 

^e K,S"V"L, at pleasure, for the section of the back of the 
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blade, in the same cylindrical surface with the helix, KL — W, 
The lines K,j?, o'W\ etc., ai-e the same as the traces A"B', U«', 
etc., in Fig. 3. In the latter, make the lines through S' and X' 
at the same distance below K' and 1/ as those through 8" and 
X" are below K, and L„ Fig. 6. Then project the points 8", 
etc., of the back of the blade upon any line, AB, Fig. 6, pa^ 
allel to K,^, and transfer them to the arc KL in Fig. 2, giving 
the pointii there numljcred. Finally, pr(.)ject the latter pointB ; 
0, upon the line A' B' at K' ; 1, ui>on Q'S' at S' ; 2, upon B'A' 
again, at T'S', see Fig. 6, because T" and K, happen to be on 
the same line, parallel to AB ; etc., and we have K'S'4X'L' for 
tlie vertical projection of the section of a blade, made by a 
cylinder whose radius is OK, and whose axis is ])erjxindicularto 
the pai>er at O. In Fig. 6, F"" and 11"" ai-e tlie developiuentB 
of sections similar to the one just described, at the hub, and at 
the outer edge. Their projections can be made in the way jost 
described. F'", K,L„ and 11'", Fig. 7, are the three secti(M)% 
laid parallel to each other for convenient comparison. 

KjLjR, shows the section on KL ; first, developed into the 
plane K,Lj ; second, revolved about 01 till its edge^ KL, ctMnes 
into the paper ; third, revolved about K, L, till its whole biu^ 
face is in the paper. 

It is here to be noted, that as the screw surface is warped, 
neither these nor anv other cvlindrical, nor anv plane or conical 
sections could show a series oi pet'jh'udlauhir thicknesses of tbe 
blade. For the different tangent planes at points on any one 
helix would not be parallel to any one line, as in case of a 
cylinder, where all the tangent planes are parallel to the axis. 
Hence, the peq>endicular tliicknesses, which would be perpen- 
dicular to the several tangent planes, at the jK)int of contact of 
each, would m>t lie in the same plane ; or, conversely, a section 
on any helix, KL, or radius OI, and competed of perpendicular 
(nonnal) thicknesses at all ix)ints of either, would itself be 
warped, and therefore undevelopable. 

5°. To c^mstnict radial sectionji of a hl<id<\ — Lay off on the 
tangents, as at ??, jr?, g^ etc., the vertical thicknesses at those 
ix)ints, viz., p'p\ Fig. 6, at </, Fig. 2 ; w'/i', at /iw, etc, and tha 
shaded figure, nn jpg^ will be the radial section on Jiy^ revolved 
into the pa|)er. 

For the section on r£, we should have taken the thicknenea 
from Fig. 6, on the centre line, 00"0"'. These Bectiona tit 
in planes contaimng the axis. 



V 
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To have made sections, as is often done, perpendicular to the 
aadsj we should have taken K,T'', o'U", etc., for the thicknesses. 
In a case like Fig. 5, these sections are taken on chords, as those 
of C'"D'", or FG, or E"1I. 

The figures just described and indicated, should be con- 
itructed in full on a much larger scale. Let the radius OE, 
Fig. 2, for example, be ten feet, and let that and the figure 3, 
ilso 4, and 5, or similar ones, be made on a scale of hdlfBXL inch 
to one foot 

Ideas Expressed in Modified Formes of Screws, 

180. Every modification of the screw propeller, from the form 
of a common right helicoid, or "true screw," except some 
merely fanciful or arbitrarj' ones, has been the result of a cer- 
tain determining idea, suggested or confirmed by experiment or 
reflection. 

181. The Idea of Axial Expanding Pitch, — In this case, it 
being known that a screw, beginning to work in smooth water, 
soon acts to move rearward a column of water, the idea is that, 
as the entering element of the blade moves the water as 
described, the next element should, so to speak, chase it up, so as 
to press upon the moving water as heavily and effectually 
as the first element. This second element would give an incre- 
ment of velcxjity to the already moving water, and so the third 
element, by a continued expansion of the pitch, would move 
backward faster yet, so as to catch up with the water, just as 
men, to push a rail-car witli a unifonn pressure as its speed in- 
creases, must walk faster and faster. 

182. The idea of radially expanding pitch, and of all screws 
which, by having a curved generatrix, appear bent back, that is, 
from the vessel, in a side view of the latter, is, to counteract 
the centrifugal action of the water, and confine it to a cylindri- 
cal column, having the disc (end elevation) of the screw for its 
base. 

Among the most curious screws of this kind, is HohrHs con- 
ohoidal screw, having a rapidly expanding axial pitch, so that at 
the trailing edge the blade is tangent to a plane containing the 
axis of the screw, and therefore has, at that point, an infinite 
pitch. Also, at the outer circumference the edge of the blade 
]ft bent over from the vessel into a narrow cylindrical flange, 
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which finally is rouivded into the trailing edge at the comer, by 
a spherical or spoon-shaped surface. 

183. Finally, the oppoaite idea of iending the blades toward 
the vessel^ and of mounting them on rings, so as to leave the 
central portion oftlte disc open^ is, to favor the rush of water 
from all sides into the paitial vacuum which tends to exist 
behind, or on the after side of tlie scrcw. In the Griffith eerew^ 
the blades are widest at about the middle of their length, are 
bent towards the vessel, and are fitted by cylindrical anas into 
similar sockets in a large spherical hub, or " hoss.^^ Each can 
be turned on the axis of its cylindrical arm, and thus the pitch 
is variable. 

If a screw is made of a " bent " form, as seen in PL XXVII., 
Fig. 5, merely by the movement of a straight generatrix, which 
makes a constant angle of less than 00° with the axis, the screw 
surface is simply the connnon oblique helicoid (104), or that of 
a triangular threaded screw (PL III., Fig. 10). 

184. AVhile preparing these page*;, I am informed by an en- 
gineering friend who has made the experiment, that if saw dnst 
be poured upon a screw model, while the latter ixjvolves rapidly 
in a lathe, it will rather be drawn towards the axis of the screw 
than dispei-scd l)y the centrifugal f<»rce, developed by the rotation. 

The result just stated may be explained as follows: The 
rearward discharge, by the screw, of a cylinder of water creates 
a constant tendency to a vacuum at the position of the screw. 
This tendency, being constant, is as eifectual as a sensible 
vacuum, in in(lu(;ing a constant rush of water from all sides to 
the spot where the sci*ew works. This centrijietal rush of water 
is believed to prevail over its centrifugal tendency, so that some, 
instead (>f bending the blades of(^ (n\from the vessel, to confine 
the water radially, and so prevent its lateral dispersion, and 
discharge it rearward in an undiminished cylinder, have bent 
tliem forward as already explained, or toicards the vessel, in 
order to favor the inward rush of surrounding water at the 
base of the water cylinder acted upon by the screw. The 
Griffith screw, as said before, is thus formed. 

Historical Not^, 

185. Sufficiently patient investigation into the hiBtorjr of 
every perfected mechanical device would probably show dot it 
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lad its origin in some bodily movement. The screw propeller 
is no exception. In swimniing, tlie hand may be disposed, 
relatively to the water, somewhat in the screw fonn, as well as in 
that of a flat paddle ; and when intelligence seeks some external 
aid to reinforce and extend the hand, she fjishions an oar, as 
used in sculling ; where it is constantly snbmerged and is vir- 
tually a one-bladed reciprocating screw, alternately right- 
handed and left-handed ; while oars wrought from the sides of 
a boat in the usual manner are the mechanical rudiments of 
paddle wheels. 

186. Itobert ITooke, a celebrated English mechanician (1635 
— 1703) believed that the ancient galleys were propelled by oars 
held nearly vertical, always submerged and subjected to a 
sculling motion. This then was rudimentary screw propulsion, 
and, reci[)rocally, a screw propeller is a " continuous sculling 
machine." 

Screw propulsion is said to have been known to the Chinese 
for ages. In water, it is but the companion in a new office, of 
the " Archimedes' Screw " for raising water, and the counter- 
part of the immemorial windmill in air. 

These remarks serve to show how shadowy and dimly defined 
is the origin of the invention of the screw propeller. The point 
selected for beginning its history must therefore be somewhat 
arbitrary. This history cannot hei-e Ijc given. Suflice it to 
say, that, beginning with Ilooke, Bourne rehearses about two 
hundred and seventy-five fonns or modifications of inventions 
relating to i)ropul8ion by the screw or by analogous devices. 

The principle of axially expanding pitch (176) was &r&t 
patented in America, and applied to mill water wheels by 
Clark Wilson, of New Hampshire, in 1830.* 

It had been patented in France and applied to propellera in 
1824, and was patented in England in 1832. 

The overhanging, or " bent back " form was first patented by 
Ebenezer Beard in Connecticut, in 1841, and in England by the 
« Earl of Dundonald," in 1843. 

Of- course among so many designers as have been indicated 
many reinvented the works of others, many merely treated de- 
tails and accessory features, such as various relations of the 
propeller to the hnll of the vessel, and to the rudder ; and 
meaiia for raising the propeller. Others sought to produce pro- 

^ Bourne, p. 42. 
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pellers, which fihoiild be adjustable either in length of Uadfl^ 
or in the inclination of tlie Biirfaco of the blade to the udsibf 
revolving it about a pei']>endicular to the axis. 

Others, emulous of ducks and fishes, devised fish-tail ud 
other flexible pi'ojx^llers of hinged flaps, or of steel fnniM 
covered with gutta-percha, which should adjust themselves to 
the action of the water. Attempts have also been made to steer 
partly or wIkiIIv by screws, either by having two independent 
screws, (»ne on each side of the stem, which conld be revolved 
at imequal velocities, or by deflecting the entire screw, in ease 
of a single propeller, so that it might revolve in any plane 
oblique to the shaft. 

Example LIII. 

The Screw of the " DunderbergP 

Description. — PL XXVIIL, Fig. 1, represents an end view 
of two blades, as seen in facing the stem of the vessel, and an 
edge view of the hul), two blades and part of another. This 
screw is " iKint back" 15 inches. The dii-cction of the revolution 
being as shown by the aiTow x^'^ ME' — M'E" is the entering 
edge, and ND' — N'D" the following edge. At the fonner the 
pitxrh is 27 feet. On RF'— RT" it is i>8* feet ; and at ND'- 
N'D", it is 30 feet. 3' : 9" = 45" is the pitch of one blade, = 
one-eighth of the total extreme pitch of 30 feet, and 100" is its 
effective length ST. 

Tlius this is a screw of axially expanding pitch, bent back, by 
having a curved generatrix RT — R'T'. 

Cotwtruction, — This is pretty nearly evident from the figorei 
by the lettei's of reference, after the preceding example. Fig. 
2 shows a g<K)(l method of laying out the cylindrical blade sec- 
tions (Ex. LII. 4^) in case of axial expanding pitch. 

DC, for exam[>le, is the length of the arc, 1 — 1, of the end view, 
MTX, of the blade, and AD is thajntch of the blade, then AC 
is the development of the helical arc 1 — 1. But this de^'elqp- 
ment is curved ; and at A,B, and C, should be tangent to straight 
developments of helices having pitches of 27, 28^ and 80 feet 
Hence make AX = twice the pitch, 3' : 9", of one blade = 
T : 6" ; Xa z=z yh z:z zc zrz twic^ the arc 1 — ^1 of the end vkw. 
tiy z=, twice the pitch of one blade at RT, = 7' : S" nenty; 
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and A3 = twice the pitch of one blade at NE' = 6' : 9". Tlien 
Aaj Ahj and Ac will be the required auxiliary developments. 
The currcd development, AC, is now drawn so as to be tangent, 
at A, to Aa ; at B, to a line parallel to Ab; and at C, to a line 
parallel to Ao, as required. 

The dotted figure Am Tn is an example of the conventional 
"development" of a blade, mentioned in (Ex. L; 1®). 

187. Referring the reader again to works on propellers alone, 
for fuller details, the subject is dismissed with the following 
data of celebrated examples, from which the student can con- 
stmct additional figures for himself. 

L Screw of the U. S. N". Steamer ONEmA. 
Diameter^ as seen in end elevation, 12' : 9''. 
Lengthy parallel to the axis, 22". 
Oeneratrixy cun-ed, with a radius of 15' : lOJ". 
Pitchy expanding axially, from 18' to 20'. 
Thickness of blades at the hub, 5f ", greatest. 

" " " " periphery,!". 

Radial section of greatest thickness, | of the width of blade 
from the entering edge. 

JTwJ, greatest diameter, 22". 

" bore lOi", tapering to 9i". < St 

No, of blades^ ^ i 

2. Screw of the U. S. N. Fbigate 
" Franklin." 
JHa/meteTy 19'. 

Lengthy 41" at the hub. 44" at peri- 
phery. 

OeneratriXy curved, versed sine = 6" 
to a chord of 19'. 

Pitchy expands axially from 26' to 
80'. 

Hifhy centre diameter, 38", Fig. 93. 
" forward " 30f". 
" rear " 26". 

" (hollow) internal diameter, 20". 
" length of body, 41". 
« total length, 83". 
Shaft diameter, 8". 
Greatest perpendictdar thioknesB of blade at hub, 9^'^ 
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Greatest perpendicular thickness of blade at hub,perpendica- 
lar to axis, 9J. 

Thickness at peripher}\ f . 

Radial sectwnM^ or templets, in planes nearly perpendicular to 
the axis, that is taken on, or parallel to the chord, as E'"!!, 
PI. XXVII., Fig. 5, of the generatrix, tLXid jf>erpendictilar to the 
j>i7j>€?\ The edges of these templet* are cuned. The centre 
one is of various widths, from llj" at the hub to 7i" at the 
periphery (Ex. L ; 5°). 



D— VOLUME OPERATORS. 

EXA^EPLE LIV. 

Andretva^s Centrifugal Pump. 

Desnrij^tio)}. Plate XIII., Figs 6 and 7. — A is the base of the 
})ump, cast in one piece with tlie case C, and strengthened by 
l)rackcts aa. To the chamber C, l)v flanges W, is attached the 
condncting-caso, composed of two parts*, 1)D', united by flanges 
dd\ ft>rinin^n conic spiral discharge-pjissago, y and E, gradually 
cnljirmni]: to its outlet. F is the stuflin*r-box, through which 
jiasses the ciist-stocl driving-shaft (r, having a series of grooves 
turned in its surface at J, which arc accuratelv fitted in a Babbitt- 
metal box in the standard IT, and its ca]> //, counteracting all 
toiidencv to end-thrust or vibnition. I is tlie bed-plate, having 
cast ui)ou it the staiidard II and brackets, to which the pump is 
secured bv the Han<2:es dd' and base A. Tlie base A also forms a 
flange, to which is bolted the bend, Q, witli suction-pipe B attached 
(shown broken ofl), with a f<X)t-valve (Fig. 06) at its lower end. 

To a tlange <»n the discharge-oiifioe, 
are attached pii>es for conveying the 
water wherever inquired. 

KK is tlie disk secured upon the shaft 
G, having win-s. Fig. 04, 1, 2, 3, 4, 5, 6 
(see Fig. 7), uixm its j^riphcry, closdj 
fitting the si)a(re between it and chamber 
C, within which thev revolve without 
touching. Tlieir discharge-ends, eBj ex- 
tend beyond K, close to case D', without tonchhig it, and tei^ 
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Iste on a line parallel to the shaft G. L is the bub cast "with 
and connected by flangea UU (see Fig. 95) 
to chamber C, forming Ejjiral iu trod net ion-pas- 
sages. 

Li the end of the shaft G is a steel button, n, 
with a 1.11 mvex face, which revolves in contact with 
the convex end of the step N, seemed in the hub 
L, supporting the shaft and disk when nin verti- 
cally. Motion is communicated U? the disk by a 
belt upi..n the pulley P. ""' "" 

Operatwn. — The pump and pipes flist being filled with 
water, rapid motion is given to the disk K, when the ceutrifuoral 
Eoiroc imparted to the water between the 
wings causes it to flow through Ihe jiassages g 
and E, to the outlet ; a vacuum being there- 
by created between the wings, causes the 
w»ler to rise through the pipe E, to keep up :' 
the supply. ^- 

By means nf the spiral passages around 
the hub L, the water from the suction-pipe is 
turned gradually from a direct forward 
conrse and delivered to the propelling wings '^"' *'■ 

ID the line of their action ; thence, through the spiral passages 
g and E, it is again, by an easy, gradual curve, brought back to 
R straight course, upon reaching the outlet. 

The wings on tlie disk K, passing beyond its outer edge, create 
and maintain a vacuum between it and llie case D, and prevent 
eand, dirt, etc., from coming into contact with the sliaft. The 
step N is in like manner protected fn.>m dJrt, enabling the pump 
i^nstaiitly to discharge a large proportion of sand, gravel, etc., 
without injury to any of its parts. There beiug no ^■alveB in 
action {the foot valve remaining open while the pimip is iu 
motion, and used only to retain the charge when at rest), and 
> wearing parts, except the shaft in its beai'ings, which is per- 

tiy protected from dirt, ihej^riction is redvced to the smaU- 
M9ihle fraetiou, enabling the pump to run for years with- 

pe power, lost in piston pumps in overcoming the momen- 

I and inertia of the water at each stroke, is saved by this 

; also the large amount of power lost in changing the cur- 

f of water at right and other angles — ^ail changes uf direo- 
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tion being made by easy geutle curves — enabling it to pe^ 
form the same work with much less power and a greatly de- 
creased velocity. 

Construction. — This can bo made sufficiently well, since these 
pumps are of various sizes, by taking the diameter of P=18", 
and of B=:6'', for a scale. 

An end elevation can be added, by making the vertical plane 
of the outlet flange, tangent to die flange dd\ at its foremost 
point 
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BOOK SECOND. 

COMPOUND ELEMENTS OR SUB-MACHINES. 

187. As soon as, by leaving single mechanical organs, we 
come to connected series, or trains of pieces, some new and pe- 
culiar principles relative to the drawing of the latter are re- 
quired. 

Not only the form^ dirnensions^ and locution of each piece 
must be known, but the character ofit^ motion, must be under- 
stood also, as a condition for kno^ving the nature of the tnotio-n 
which it will coimriunicate to whatever is actuated by it. From 
all this the final result can be derived, which is the abilitv to 
aiwign to each ])iece that one of its successive positions which 
corresponds to a given position of some one part, taken as a 
standard, to which the others are referred. 

188. Thus, not to take the too hackneyed illustration of the 
ci-ank and piston, first imagine two spur wheels, A and B, in 
contact at T, and let the diameter of A be double that of B, 
and let their arms, AT and BT, be on the line of centres. 
Thep, as equal lengths of arc on each must pass the point T 
in the same time, a revolution of 45° of AT will produce a revo- 
lution of 90° in B. 
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189. Again, to take an illustration from pulley work, Fig. 97. 

Let A be a fixed point or pulley, from which a cord proceeds 

to the movable point, B, and around it to C. By drawing 
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the cord till B moves to J, we shall have, by reason of the in- 
variable length of the string : 

AB + BC = AJ + bcj or by decomposing, 

AJ f tB + BJ + JO = AJ + JC + Cc, in which, by can- 
celling, Cc = 2B5. That is, if the free end, C, of the cord be 
moved a given disiaficej the movable point will move hcilfcufar. 

In the second case, A still being the fixed pulley, but the cord 
being fastened to the movable one, B, we have : 

BA -f AB + BC = JA 4- AJ + bcj or, by decomposing, 

BJ + 5A + AJ + iB + BJ + JC = JA + AJ + JC + Cc, 
from which, by cancelling, Cc = SBi. 

And generally the place of a movable pulley will be at a dis- 
tance from its initial position equal to (77i^-nth of the space de- 
scribed by the free end of the cord, where n the nmuber of 
cords at tlie movable pulley. • 

190. As most examples of sub-machines consist of fewer 
parts than any whole machines possessing much interest, it 
would be only a needless anticipation of the subsequent ex- 
amples to give further illustrations here of tJie general Afoff 
which should be constantly in mind in constructintj tlie follow- 
iug examples, which is : Where is eacHi piece, and wluit is its 
motion, at any given stage of the motion of a given piece ? 

Now, when the given piece is the operator^ the answer to 
this twofold question is a practical invention, consisting of a 
ti-ain of pieces for making the oi)erator accomplish a desired 
result. 

The careful study, then, of the following examples, with con- 
stant attention to this radical idea, and to the kindred question: 
How else could the same result have been accomplished? is 
the study of tlio art of inventing, so far as that is an acquirable 
or teachable one. 

From the foregoing principles it may be seen that a com- 
pound element does not merely consist of many pieces, having 
fixed relative positions, and acting as one piece, for tha;t is tme 
of cross-heads, pillow-blocks, pistons, and many other simple 
mechanical organs. But a compound element truly consistB of 
several moving pieces, each of which moves in a certain waji 
according to the motion imparted to some one of them. 



HAORINE COSSTECCnON AND DRAWING. 



SUPPORTERS. 



Example LV. 
A Compound Chuck. 

i)eaonption. — A chuck is a contrivance attached t*) the mow- 
t, or supporting axis of a lathe, for the purpose of holding 

e work. 

Cliuoks are of various forms, according to what they have to 
hold, and the work to be done upon them, whether circular, or 
other turning, external or internal ; and will be found de- 
Bcribed in any of the acceesihle p<ipular treatises on turning. 

Conipuund chucks are of three principal species :— 

Scroll Chucl% Fig. 98, where the spiral tooth, C, acts to ad- 




Bice or refxeat the jaws A, to or from the centre — 
wCom<:aX or wedging Chucks, which separate the jaws or close 
n t<^ether,by urging them into a conical sheath in the latter 
(, or withdrawing them in the former, by the action of a 
; and — 

I Chucln. which are of rarious forms. The following 
e represent Horton's (ieared Screw Cliuck. which is highly 
of by persons engaged in tlie finer mechanical pursuits 
isking small and exact mechanism. 

"ler chucks are vei-y generally modifications or combinn- 
B of the foregoing. When the jaws, D, D, D, are separattly 
1, the chuck ia said to be an independent jawed chuck. 
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Fig. 99 {fives a view •■{ this Cliiick ready for u 




Vui. IfK) n 1 iwii tfl tl t II ton i of the back plate with fin 
dettp gr N ic r rctes'* iit,i i tig the rack G within nhichit rt- 




V(ilvps froeU-. Thi* jrnxwe, hy moans of its outer and iiuw 
fl>uii^>s, OS shown hv figaree 100 mid 101. forma a tight aasg 
for iho j^'iirs. thus protootiiip thoiii fnun vliip?, dust ot any inrt- 
thttt woiiKl (>thorwi«y iujnro thorn, 

rijr. 1">1 n-prownta a view mC the interior of the fiwit ph* 
nhi-'A '.-.c: '1!'' i-arrviiiir wwws. A A A. and the not p«rt,ir,ol4t 
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i, with the bevel piniom upon the former. The inner ends of 
e screws have their bearing against the bub L, Fig, 100, while 




■ the shoulder formed by the pinion near the outer end, roste firmly 
against the onter rim of the groove, in which the rack G moves, 





3 is the circular rack, seen at G, Fig. 100. 
ig. 103 gives a view of the jaw, which is forged of one piece 
betal. The slots for the jaws, radiating from the centre, 

! the periphery entire, thus eecuring the greatest poesible 

strength. By means of the rack and geared screws in this 
eltnck, great facility is secured for moving the jaws, so as to 
confine any article, by applying the wrench to any one of the 
oarrj-ing screws. Ey doing tliis, all the jaws are carried forward 
8t the same time, bringing the article to be confined at once to a 
Then when wishing to confine the work very firmly, 
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pass the wrench from one screw to the other, and pull npon it 
sufticiently to take up the back lash in the gearing. By con- 
tinuing this operation^ one can fa%tsn the work tight enough 
for all the jyurjiOftes required, Tlie jaws to this chuck can 
always be kept very accurate. For, by means of the gearing, 
they may at any time be adjusted to within about one-hundred 
and fiftieth part of an inch of a true circle. They can also be 
(>I>erated independently, by simply taking the rack out of the 
bacik plate, thus allowing it to hold any kind of irregular form 
of work. 

The jaws are case-hardened with animal coal. To do this 
thoroughly, takes a number of hours, and is apt to spring the 
jaws. To obviate this, the bite of jaws is ground trne 
after the chuck is finally assembled for market, which makes the 
jaws as true as they were left after first turning. 

The tightening of the jaws 
by "taking up the back-lash" 
means this. When a pinion, 
A, Fig. 104, is turned, it 
draws the rack K, and that^ 
as shown at R', turns the 
other ]>inions. T\\{i hack-lash^ which is the difference between a 
t<H>th and a space, will then ])e at the right ^►f t<X)th A, and at 
the left of A' . By turning A' till it bears u^x^n t(.K)th a\ the 
back-lash will be said to be taken up. It may be more, and 
then the back-lash will be at the left of A. Hence, as directed, 
Jill the pinions should be turned in succession. 

ConAtrurtion. — Figs. 1)9-108, with the measurements, which 
are sutliciently given, may serve as an example of sketches and 
measurements, from which projections can be drawn with 
sulHcient accuracy to answer every purpose of a graphical exercise. 
101. Other compound supixnters, are comjumnd slide restSj 
and tooJ'hiihhrH. 

These are designed to give one or more motions to the point 
(»f the cutting t(M»l in the higher power lathes, planere, shaping, 
and surfacing machines. 

One will be found illustrated in connection with "feed xnO' 
tions " on a subsequent page. 
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COMMUNICATORS. 

192. Communicators, are perhaps never compound, but with 
the small space left at our disposal, we cannot better illustrate the 
differences (187-190) between the drawing of detached and of 
connoted organs, than by a few examples of groups of con- 
nected communicators. 

Example LVI. 

A Beam Engine Main Movement. 

The skeleton figure, PL XXVII., Fig. 8, answers every pur- 
pose of a finished one, so far as to show how to find the 
positions of other parts for a given position of a given part. 

Let the vertical, B^^, be the indefinite axis of the cylinder, 
and let the vertical, H^, contain a diameter of the crank pin 
circle JII". This diameter is equal to the stroke of the piston, 
and so are the vertical clwrds of the arcs described by the ends 
of the heam, whose centre is at O. Suppose the cylinder end 
of the beam to be connected to the piston rod by a link, B'J / 
attached at J to a cross head. Then make om =. ge =z BD, the 
piston stroke, = JH, and describe the arcs, onm and gfe, to be 
described by the ends of the beam, whose length will then be 
nf. But now observe that appositions of the ends of the beam 
are outside of the verticals, B^ and H^. It is desirable, how- 
ever, to have the average position of the connecting rod, Hm, 
vertical ; and so of the link B'J. Hence bisect hf at C, and 
nr at I', and draw the parallels oS' — mS! — etc., to nf, so as to 
make the new vertical chords as J'H' equal to BD, and take 
OI' = OC for the final radius of the beam which will make the 
mean of the positions of the connecting rod, and of the link, 
vertical. Draw n'H, the lowest, and J'J the highest position 
of the connecting rod. To find the positions of the crank pin 
when the beam-end is at I', take that point as a centre, and 
HH' as a radius, and note I and I'', where the arc so described 
cuts the crank pin circle. Likewise the link, being of constant 
length, B'J = C'c = D'd, corresponding to the lowest, middle, 
and highest piston rod positions BJ, Cc, and Dd. 

Finally, to find the position, of all other parts, due to any 
given piston position as P. 



sso 
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1°. — Lay off vertically from P the constant length Pp (not 
shown) of the piston rod. 

2^. — With j7 as a centre and the constant length B'}, of the 
link, as a raJins, describe an are, cutting the beam are, D'C'B', 
ill the required pofliti<in,whichwcwill call K, of therighfr-hand 
beam-end. Then IvO to IC on J'I'II' will be the beam positLon. 

3°. — With K' as a centre, and H'll as a radine, describe tn 
are cutting the crank pin circle in a point Q, \rhich, finally, viU 
be the required crank pin position. 



Example LVIL 
Wh^er's Tumhling Beam Enfftne. 

A skeleton view of this very curious form of steam engine 
in five difFerent positions of the crank, etc., is showa on PL 
XXX., Figs. 4-8. Here, a,a are the cylinders, standing on the 
bed plate B. C is the crank shaft, wliich, with the rocker 
shaftii, g,ff, works in fixed bearings in a common frame. BU 
is the tumbling beam, no point of which is fixed, R being 
attached to tlie crank-pin K; and * and ( to the piston rods. It 
may have various proportions, but an isosceles triangle, whoee 
altitude BD, Fig. 105, is equal to half the base AC, is preferred. 



i . _ _ 



The middle point B {m, PL XXX.) mores in a vertacal lin^ it 
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being also the middle point of the link titi, which joins the free 
ends of the equal radius rods," K,K, so as to form a ^^jparaUel 
motion.^^ K,K turn on the centres g^ff. P and Q are the 
pistons, and the arrows show the direction of their motion, at 
five equidistant positions, 45° apart, of the crank pin. 

Starting with the given proportions of the beams, and the 
facts, that when one piston, a\ Fig. 105, is at mid-stroke, the 
other, ay is at the end of its stroke, and the point A, Fig. 105, 
of the beam, is on the cylinder axis AJ', we can determine any 
otlier pair of positions; also the peculiar property of this 
engine, that the piston stroke is greater than the diameter Erf, 
of the crank pin circle. The amount of this excess can also 
be found. That it exists is obvious on mere inspection ; for if 
the piston positions were alike, all points of the beam would 
move in vertical straight lines equal to the diameter Erf. But, 
by reason of the unlike piston positions, the beam oscillates 
besides ascending, so that t and t, and thence the pistons, must 
have a vertical movement greater than Erf. 

To ascertain the relation of ns, Fig. 105, to the piston-stroke 
aCj let ACD be the beam, with B on the vertical OB, and BA'== 
BC = BD, and D, the crank pin at the 45° point from n. Thus 
BD = i AC, and 

De = Dt = i CE = i ac (compare Figs. 5 and 7.) 
But OD = i^2(D^' = Vila^* 

or 20D =ns= Vi {ac)\ 

For example, let ac = 20", then n*, or the throw of the crank 
= 14.2 ; and the length, OD, of the crank = 7.1. 

The points tt^ see the Plate, do not move in straight lines, but 
in elongated figure S's. Therefore, in the absence of the usual 
connecting rods, this engine belongs to the variety called trunk 
engines; in which the piston rod is a hollow cylinder, called the 
trunk, and links join the points t with the piston^ and pass 
through the trunk. 

193. Other novel forms of steam engine, besides rotary ones, 
are Roofs SqvAire Engine ^ consisting of a rectangular " cylinder'' 
and two rectangular pistons, one within the other and moving 
on the two centre lines of a rectangle, while the inner one is 
attached directly to the crank pin, and Hich^ Engine; both of 
which are further remarkable for compactness. 
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Example LVIII. 
An Eight-Day Clock Train. 

PL XXXIIL, Fig. 1, shows such a train. The cindes in fine 
lines, represent the pitch circles of those wheels, which especi- 
ally belong to the hour hand movement. 

Each wheel is designated, 1j?^, by its radius ; 2rf, by its nnmber 
of teeth, t; 3rf, by the time of one revolution of it. The arrowB 
indicate the directions of the revolutions. AB is \\i^ pendului^ 
vibrating once in each second. Kjyp' is the escajH'^nent^ oscil- 
lating in unison with the pendulum, p and^' are \X^ jHilleU^w 
adjusted that, as the pendulum swings to the left of its vertical 
position, tooth a of the scape wheels passes the point of pallet j?, 
but just then p' catches tooth c on its right side, so that the 
scape wheel moves but half its pitch at each vibration of the 
pendulum. Hence a' will not pass jp, till the i>enduluin re- 
turns again to its left hand position, that is, in two 6econd& 
Thus the scape wheel, having 30 teeth, revolves once in a 
minute, and may carry the seconds hand. The pitch being 
made the same for all the wheels, their radliy and thence their 
times of revolution depend on their nxnahers of teeth. These 
are clearly expressed on the figure. Wheel 96^ is on the end 
of a barrel around whi(?h the weight cord makes sixteen tnma 
It can, therefore, make 10 revolutions of 12 hours each before 
the clock will run down. Wheels, like 64^ and 40^, which revolve 
in the same time, may be on the same physical axis ; but wheel 
72^, which carries the hour hand, is on a hollow axis, through 
which that of 64^ and 40^, carrying the Tninut-e hand, passes. 

• 
Other Trains. 

194. T^t us now examine this train so as to find some general 
relations, variable or not, between the train and the final results 
to be accomplished. 

1st. Given a pendulum vibrating seconds, which is oonwni- 
ent ; it is also convenient that a tooth should pass a pallet ouly 
once in two vibrations, so as to reduce the number of teeth in 
the scape wheel. Thirty teeth are therefore fixed for M 
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wheel ; and one minute for its revolution. The action of wheel 
96^ being more conveniently prolonged by making many turns 
of the cord about its hm^dy than by making that wheel with 96 
X 12 = 1152^, in order to revolve it once in eight days, we 
give it 96 teeth and 12 hours = 720 minutes for a revolution. 
That done, we have 

^4^ as the velocity ratio desired, between wheels 96^ 
and 30^. 

Now the wheels 96^, 64^, and 60^ are successive drivers^ and 
the pinions 8^, 8^, 8^, are their respective followers^ and re- 
volve in the same times as the wheels on the same axis, and we 
have 

96x64x60 ^^ ^ ^, 720 
8x8 x8 ==12x8x7i = - 

Whence we infer that the velocity ratio of the extreme axes 
of a train is equal to the product of the number of teeth in the 
drivers, divided hy that of the numbers in thefoUowers, which 

writer: 

195. To show by a converse operation how simply this may 
be seen to be true, let the ratio if^- be given, which for a mo- 
ment we will take as the ratio of a wheel of 720 teeth working 
with a pinion of one tooth, though this would practically be 
impossible. Now decompose the terms of this fraction into any 
factors as in the example, 

— — - — -? and the value of the ratio is unchanged. But, 

mechanicaUy, pinions of one tooth are impossible, while arith- 
meticaUy, a fraction, or a ratio, is not changed by multiplying 

8x8x8 

both terms by the same number, in this case by , riving: 

^ ' -^8x8x8'^^ 

— 5 — - — ^ , which are practicable numbers of teeth for the 

o X o X o 

wheels and pinions of the train. 

Proceeding in this maimer, as the numerator may be variously 
decomposed, we may have 

720 12x5x12 96x40x96 , ,, , . 

-T-=-:3 — = — T-=-7^ — TT — TT-i whcro thc numerators of 
1 1x1x1 8x8x8 

the last fraction will be the numbers of teeth in the drivers, and 
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8 the number of teeth in each pinion follower, the last of which 
carries the scape wheel on its axis. 

Again, the barrel and the hour hand revolve in the same 
time, twelve hours. Accordingly we have for the hour hand 

, . 96x40x6 12 

tram 7; — — — =;r=rT;. 

8x40x72 12 

196. These trains, and other similar trains, may be tabulated 
as follows, by a simple system of notation in which each 
wheel is expressed by its number of teeth, each pinion uumte 
is written under the number of that wheel which drives it ; and 
those of wheels on the same physical axis are written ou the 
same horizontal line. 

We have, then, the following, from which the student can con- 
struct the drawings. 

L — ^Eight-Day Clock. 



TBAIN. 



96 Bairel. 



8- 



-64- 



40. 



8- 



40 



-60 



8~ 



-80. 



72, 



PERIODS. 



Ih. 

Ih. 
minute hand. 



1 m. 
Booond hand. 

12 h. 
hour hand. 



IL — TwELVE-HouB Clock. 



TRAIN. 



48 Barrel- 



25- 



6< 



45 
6- 



-30 scape 



25 min. hand. 



48 h. hand. 



PIRIOM. 



Ih. 

1 m. 
Ih. 
18 h. 



\ 

\ 
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25ft 



in. —Eight-Day Clock. 



96Banel. 



TRAIN. 



8- 



40- 



-10. 



a- 



-96 
8- 



— SOBcape 

80 10 



40... 



PERIOliS. 



12 h. 
Ih. 

1 m. 

dh. 

12 h. 



where for the hour hand train. — — — r — — - = — - as it should. 

8x30x40 12 



Eioht-Day Clock. 



TRAIN. 



lOeSanel. 



12 108- 



^4- 



-10 



13—100 



10— 30 scape. 



SBinin. h. 



8bhonrh. 



PERIODS. 



810 m. 
90 m. 

1 m. 
Ih. 
12 h. 



where, for the hour hand train 



108 X 10 



810 m _ 810 m 
720 m* 



12 X 80 8 12 h 

197. In this example the pinions are laiger, the wheels of the 
pendulum train more nearly equal, and no wheel in that train 
(which is the same thing as the escape- wheel train) revolves in 
one hour. 

When, as in the hour hand train, the extreme axes are the 
same geometrical axes, there may be a difficulty in adjusting the 
radii, if the pitch is the same as in the escape-wheel train. It 
is only necessary to remember, however, that the velocity ratios 
are as the mmiberSy not the sizes of the teeth ; and only those 
teeth which gear into each other need have the same pitch. 

198. To include the pendulum, or balance wheel, in the train, 
ooDsider that as a tooth, or full pitch, of the escape wheel passes 
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nine 



a pallet, only after two vibrations of the pendnlum, if « be t]ie 

number of escape- wheel teeth, 2 ^ = the number of pendnInmTi- 

brations in 1 revohition of this wheel. And if the pendulnio 

makes jy vibrations per minute, tlien, to make 2 e vibrations, = 1 

2 e 
revolution of the escape wheel, will take — minutes. Then, as 

the hour axis revolves in 1 hour, = 60 m., the ratio of the revo- 
lutions of that, and the escape wheel, ^vill be 

p 2 e e 

199. If, then, a watch balance vibrates 300 times in a minute, 

and the escape wheel has 15 teeth, ^^,-(194) = — =-- — = — 

and if there be three axes in the train, each with a pinion of 
^ ,, ,, D 600 x9» 81x72x75, .„ .^ 

teeth, then ^= ^^~^-^= "9 x-9^-^ ^^" ^'"P^^ ^' 

train from the hour axis, to the balance wheel axis inclusive. 

Similarly, a montli, or 32-day clock may be designed. 
Lunar and annual clocks are more difficult.* 

Change - WlieeU. 

200. Analogous principles belong to chajige-^ch^eh^ by which 
any given velocity ratio is given to two axes in fixed popitions, 
as in a lathe. Thus, let the required set of velocity ratios Iw 
f J ij ij ij t5 i' Since the axes are at a fixed distance apart, 
and since it is convenient that all the wheels should have tlie 
same pitch, the sums of their numbei-s of teetli must be con- 
stant, and must be divisible by the sum of the terms of each 
ratio, that is, in this example, by 2, 3, 4, 5, and 7. The number 
of teeth in each pair is therefore the least common multiple of 
these divisors = 2x2x3x5x7 = 420 and the teeth in the 
successive pairs will be as follows : 




• See Willis' Prin. of tf ecfaaniam. 
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For further infonnation on these mterestiiig topics, to which 
only an introduction can here be given, the reader must consult 
the larger treatises on clock and mill-work. 

Example, — Let the ratios be -f , i, -J, f , \, 



The Slide 'Vaj.ve and its Conxkctions. 

•JOl. The slide valve, and its connections, may be considered 
among the foremost of sub-machines, in interest and importance ; 
on account of the high office which it fulfils, in the working of 
tne grandest of motors in present use, the steam engine. 

The office of the valves connected with any steam engine 
cylinder, is to gi\c the steam access to each side o^ the piston, 
alternately, and, at the same time, to provide an escape for the 
steam which hae just been eflFecting a piston stroke. 

202. Valve motions in general are classified as 

1 . Cock valves. 

2. Poppet valves, see Ex. XLIV. 

3. Slide valves. Ex. XLII. 

Slide valves aie the ones most used, and are those which 
most invite investigation. They, with their connections, may 
be classified as 

1. Yalve motions with one valve, 

2. " " " two valves, 

each of which is subdivided, according to the most important 
ground of distinction, into 

1. Motions with invariable cut-off. 

2. " " variable " " 

203. We will now suppose the student never to have exam- 
ined the subject at all, further than by simple inspection of 
engines in motion, or partly dissected for repair; and will 
therefore begin with a rudimentary example, in which only the 
radical features, without the various adjustments of refined 
practice, will be noted. See PI. XXIX., Fig. 1. 



Oeneral Description of Pwrts. 

204. B is a fragment of the bed plate (Ex. XVL) or general; 
support of the engine. P is the steam jpistouy see PL IV. ; Fig- 
17 



f 
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1, and (Ex3. XX. and XXI.) wliich is urged backward and £o^ 
ward, in a rectilinear path, by the pressure of eteam, acting on 
its opposite faces alternately. 

M is a section of the mam shaft or oranh sluift^ which k 
made to revolve in fixed bearings (Exs. I., II., and III.) by i 
suitable (;onnecti<»ii with the piston. 

CC is the Hti-nm cylindc^r^ within which the steam is confined, 
BO as to take effect ujkui the piston. II is the front, and A, 
partly broken out, the back cylinder head. Both are bolted to 
the ends of the cylinder. See Ex. X. 

P' is \\\Gj>iAton rod, which passes through a stufiuig Ik)X, uot 
shown, in the back head //, and is firmlv attached to the crosB- 
head (), which moves in fixed guides — not shown — and parallel 
with the piston kkI. See Ex. VIII. 

It is the atnmdhuj rod, partly broken to show other parts, 
and jointed at o to the cross-head and at the other end to the 
crank pin Q, by a joint like Ex. XXVI. 

X is the vrdid\ keyed, as at l*, to the shaft, M. Supposing, 
then, that nrntion is alreadv established in the direction of the 
aiTow, the motitui of the i>iston P, fi\»m its present extreme right 
jx^sitiwTi to its cxtivme left p^ition, will turn the crank from 
the +t>0^" point to — 0<v\ through F. This motion of the piston, 
fr<»m )n to y^ is caUed its sfroJiw The return stn^ke tums the 
crank and shaft fivm — OO"" to -M>0'', thmngh D. Tlie com- 
plcti* ivsiilt is expressed by saying that one douhJe nfrol'e offht 
j*<sfoii j)/'itfltt ts nju rtr'Jnfion of fke shaft, or <ifi angular 

ilO'(Ot:l oT •»♦»<••' 

lUO. "When, ;is i> s.»motinies done, the crank shaft M, is not 
also the main shaft, ]>nt is coiinocted with the latter by gearing, 
the double stn»lce of the piston might produce more or less than 
one IV volution of the main shaft. 

Pile drivin:j: onirinos, wheiv the piston speed is usually very 
i^roat, arc c\a:nplos of the latter case, and some propeller 
engino>, of the former. Sinee the piston has no tendency to 
mo\e :lie erank. when the latter is in the positions MQ or MQ'j 
the points Q and Q are called (f"!dj^'!/itjt: also, centres, 

'J»M>. Ib'W v.ow does the steam g-ain access t;^ the opposite 
^^de'i of the pi<: or. alternately f 

.Vn c\-.v '.^'A , see Ex. XXIX., l>eing suitably mounted on the 
onmk shaft M, the cw .*'.*rV rid, partly shown at X, where the 
cimnoering nnl It is broken away, is jointed at <2 to the foot® 
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the hanging rockei* a/nm a. This arm, and its counterpart, the 
standing rocJc^r A, oscillate together on the rocJc shafts r, to 
which both are keyed. A is jointed at « to the valve stem^ L. 
The latter carries the yoJce^ yy^ which embraces the steam, valve 
V. This valve is hollow, as at I, like an uncovered box turned 
upside down. See also Fig. 2. 

T is the steam chesty into which " live steam " enters from the 
boiler, by the steam pij>e^ terminating at S. Its walls and 
bottom are solid with the cvlinder C. Its cover is bolted on. 

ft.' 

s and s are the steam, passages^ leading from the steam chest 
to the opposite ends of the cylinder. In the direction of tlie 
circumference of the cylinder, or as seen on an end view, these 
passages extend about one-third around the cylinder. 

E is the exhaimt^ and opens through the chimney or smoke- 
stack into the atmosphere ; or, in condensing engines, into the 
condenser, Exs. XI. and XII. p and p' are the steam ports^ 
and w is the exhaust port. These are three long and narrow 
parallel rectangular 0})enings in the valve seat^fg^ on which the 
valve moves. 66, the partitions between the steam and the ex- 
haust ports are the bridges. 

The valve, V, is so proportioned to the ports, and is so moved 
that but one steam passage at a time can be open into the 
steam chest, and but one steam, port togetfier with tlie exhuust 
port can be covered at once by the hollow interior, I, of the 
valve. It is by such an arrangement as this, that steam is 
admitted to the opposite ends of the cylinder alternately. 

207. Let us next look at the action of the parts. 

General Action, 

As a nidimentary example, sufficient to illustrate the general 
action of tlie slide valve, let the valve be adapted to the parts 
as shown in PL XXIX., Fig. 1. At its extreme right position, 
let the port j?, be wholly open to the Interior I ; at its extreme 
left position, let tlie same port be wholly open to the steam chest 
It is, therefore, now just at mid-stroke, moving left, and ready to 
open the port^. As it opens this port, steam enters and pushes 
the piston to the left to the mid-stroke position GK, when the 
|.K»rt,jp, Avill be wide open, the valve at the extreme left, and 
ready t/> retiini. "Wlien the piston has reached the extreme 
left, at nn, the valve will be at mid-travel again, but moving to 
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8°. The importance of using the steam itself, in place of com- 
plications of balancing mechanism, even if such were possible, 
to gradually overcome the inertia of the heavy reciprocating 
parts and so avoid damaging shocks at the points of changing 
the direction of the piston stroke. T^iis is partly accomplished 
by closing the exhaust before the end of the stroke. The period 
during which the exhaust thus remains closed is called tlie coinr- 
pression, 

4°. The release of the steam behind the piston, a little before 
the completion of a stroke, so that it may have time to escape 
in part before the beginning of a new stroke. 

5°. The convenience and elegance of likewise employing the 
steam itself to neutralize the results of certain minor and almost 
necessary imperfections in workmanship. Tliis, with a further 
accomplishment of the third object (3°) is secured by admitting 
steam for a given stroke just before the completion of the pre- 
ceding stroke. The opening of the steam port at the beginning 
of the stroke is called the lead of the valve. 

Definitions. 

211. In connection with these proposed results, and available 
means for producing them, the following definitions arise ; which 
are here presented, together, for convenience of future reference, 
though some of them may have been given already. 

Ist. Tlie distance from one extreme position of any given 
point of the valve to the other like position of the same point is 
the travel or stroke of the valve. The centre line, yy, of the 
valve, PL XXIX., Fig. 3, is a convenient line to represent tlie 
valve for the purpose of marking its travel. 

2d. The excess outward^ as Z, Fig. 4, by which the valve face 
extends outward, beyond its steam port, when the valve is at 
midstroke, is the outside lap of the valve, commonly called 
simply the laj). 

3d. If, as in Fig. 4, the valve being there at midstroke, its 
interior chamber were limited as at the inner dotted lines ; the 
small space =^, would be the inside lap, 

4th. The amount of opening of the steam port at the begin- 
ning of a stroke is the outside lead of the valve commonly 
called its lead. That is, lead admits steam to the piston before 
the latter begins a stroke. 
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5th. Tlic amount of opening of the exhaust passage, at j?' for 
instance, if the pistun is moving fi-om C to A, Fig. 4, when the 
piston has i*eached A, is the i/md^ lead. That is, inside lead 
allows steam to escape hefore the end of a stn>ke is reached. 

Gth. The point at which admission of steam ceases is the cuU 
off. This tenn is also applied to the separate valve often used, 
by which the cutting off is effected. 

7th. From the jMnnt of cutting off, to the opening of the ex- 
haust passage, is the^t'/wiJ of expaiifAon^ as the one from where 
the steam port begins to open, to the time of cut-off, is the 
period of adia'iHHicn, 

8th. From the time the exhaust passage closes till it is re- 
opened for admission is the j>eri</d of compression. 

Exhaust naturally and mainly takes place hefore the piston, 
l>ut inside lead opens an exhaust passage behind the piston, 
before the latter has finished its stroke. 

9th. The point at wliich the exhaust opens is the rdaase / and 
is, as said, the ch>se of the period of exjHxnsivn. 

10th. If, as in Fig. 4, the length oo' of the interior of the 
valve is greater than the exhaust port H- the two bridges, the ex- 
cess, as o, on ea(!h side, is called the cl<'aran<:e. 

11th. The difference between 90° and the angle made by the 
eccentric arm with the crank, is the arujuJar advance of the 
eccentric. 

12ih. Tlie arc or angle of the eccentric ann motion, which 
would move the valve through a space equal to a given lap^ and 
so as to just close a steam port by that motion, is called the^j^ 
anfjJt. 

13th. Tlie angular distance of the crank-pin from Q, when 
the steam jxat ])egins to open, is the l<kid angle. An equal 
angular motion of the eccentric is ^V^ lead angle. 

212. Taking up the above topics (210) in the order named, 
tlie connection between the cross-head, O, and crank-pin, Q, 
may be indirect, through the medium of the connecting rod, E, 
or direct ius in PI. XXIX., Fig. 3, where the outer extremity of 
the piston rod is expanded vertically into a slotted yoke ; which is 
simply the mechani<*al Cipuvalent of a comiecting n>d of infinite 
length ; or (.f a line, perpendicular to the piston i-od, and 
jxlways containing the centre of the crank-pin, and therefore 
e»jual to the diameter of the cmnk-pin circle. In this form ni 
connection, the motions of the piston, piston rod, yoke, and 
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mtpln, in the directifiii of the axis of the cjliuder, lu'o 
iiniiiltaneoiie and equal. 

Tho cuds of tile rocker arms might, likewise, move in eniall 
slotted yokes, attached to the valvo stem, aud eccentric rod ; 
biit hy balancing their arcs as in PI. XXVIL, Fig, 8, or 
PI, XXTS., Pig. 3, uo sensible iri-egularity will appear in their 
"I motion, 

TOEOREM XXII. 



» either mode of connection, tJie vulooity of the orank-pin 
vniform ; and tfuit of the piston la varictble. 
St ia important, in m-der ti> avoid injurious shocks, especially 
■hi heavy niacliiiiery, that its parts sbnuld move witli iiuifonu 
^■e]o*3ity. But all the iiiadiiues of a given apecmblngc deiive 
their motion ultimately from the main shaft of the [iriitie mover, 
through one or more lines of shafting, from whicli belts or gear- 
ing pass to the sepamte machines, and which revolve uni- 
formly. Hence tlie main shaft should likewise revolve uni- 
formly. 

The rest of this preliminary and general theoi-em may now 
he sufficiently demonstrated fivmi PI. XXIX., Fig. 1. 

Let the crank-pin circle be divided into eight equal parts, to 
represent eight equidistant positions in the uniform rutary 
jiiotioii of the crank-pin. Then take the constant length, Qo, 
(if the connecting rod, in one pair of dividers, aud the constant 
leugth, oP, of the piston i-od in another. Then from 1, 2, 3, 
etc., on tlie crank-pin circle, as centres, destnbe ai-cs, with Qo, 
aa a radius, and from their successive intersections, temporarily 
noted, with tlie centre line MP, lay off the distance oV ; which 
will give the piston prisitions 1, 2, 3, etc., corresponding to 
the equidistant crank-pin p<»ition8 above described ; as ia evi- 
dent fn>m the nature of the connection of the moving parts. 
Now, because the successive equal arcs O"-!; 1-2; etc., are 
more and moi-e nearly parallel to the line of direction M/j of 
the pist'in motion the neai-er they are to U, it follows that the 
corresponding successive advances of the pistou from P, to 5, 2, 
etc, must be at first gi-eater and greater ; while as the crank- 
pin appniaches the point, Q', they must be less and less, as at 3'- 
3', and 3'n'. And it also follows that this result nnist bo tme, 
in gviieral, for botli the described forms of connection. 
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■ . ...'"' c " >- !^:i':Ii or n?:ir lialf, liIlL !■;• ':;■; tt- 

- -r '.'/'^ ^"'''/* Af^y//'r///.v of tlnML 'ill iV *'r !<•.*. 

-.. '. \^ •Iiii.- pn'ju'rly ruferTed ri» rl.»r i.riii.k-j'iii 

., . -r::j..:;i:-'i. l'».M-jiii<f tilt* l:ittiT i< iiiiirVr:::, Tht-'-r. 

rii' TTiiilv-i'lii t;iivk* is divijlcMl t::::> liv the 

*\' .."-rsiii "f by ;my i»tluT dianiettT, bei-auj^, 

• " ■ _ ->: : i.-fr«'ii piiiiti'»iis ill either cuiiiiecri"n Are the 

^ ■ .- . ■•. -itiitiuiis eqiiiilisitAut from the opj^^isite ex- 

TUEOEEM XXIV. 

^ ^ ^,. -,,-.%■ '•• 'A-^ douhh jiffid't arc equal in the dhed 
.. ■ -/, rr^nt one U the f/reaUr in the indirect t'on- 

<'i"tt i:? sufficiently obvious from mere iiiPpei-tiini 
.. . -► * -jii case of the slotted yoke coimeetioii, 
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Since the motions of the piston, yoke, and crank-pin, are all 
equal in the direction of the piston motion. Thus, when the 
piston has advanced from A to B, the yoke has advanced from 
a to de^ carrjang the crank-pin an equal hoinzontal distance, 
ahy from a to cf . That is, the half semicircle, ad^ of the crank- 
pin motion, corresponds with the half-stroke, AB, of the piston. 

Again, in Fig. 1, operating as in Theor. XXII., we find 
G'K' to the left of the centre line, GJ, as the piston position 
corresponding to the crank-pin positions, U or W, which estab- 
lishes the first part of the theorem. 

Conversely^ the segments of the crank-pin circle, correspond- 
ing to the equal segments of the double-stroke each side of 
GJ, are unequal in the crank coimection, the forward one being 
the less. To show this, we have only to take the length, ^Q, 
of the connecting-rod, as a radius, and e>', the position of o at 
mid-stroke, GJ, of the piston, as a centre, arid describe the arc 
FMD, through M, since Mo'=Q^ or o'o=Kin or K/i/ and D 
and F will be the crank-pin position, corresponding to tlie mid- 
stroke position of the piston. 

Natural Zero Points of the Puton and Crankrpin Motions^ 

and Segments of the Douhle-Strohe, 

214. At first glance it seems natural to divide the double- 
stroke into its two single strokes, as its most simple component 
parts, and to place the zero points at Q and Q', PI. XXIX., 
Fig. 1. 

But, as we have seen, the two segments of the single-stroke 
which correspond to two successive quadrants of the crank-pin 
circle, reckoned from Q to Q', are unequal ; and the piston 
positions, corresponding to equal arcs each side of MU, are un- 
symmetrical with GJ. And, besides this, in the earlier 
segment of the stroke are the lead and admission, and in its 
later one are the cut-oflF and compression and release. That is, 
the two segments of the single stroke are unlike, both in their 
piston-positions, and their characteristic events. 

On the other hand, if we take the zero point of the piston 
motion at the position corresponding to the position of the 
crank-pin on MU, we shall have lead^ admUsian^ cut-off^ com- 
pression and release on each side of G'K', corresponding to the 
crank-pin motions, UQW, and UQ^W. 
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Again, as the cranlc-jtui inotioti is unifoi'in,, let tV* path be 
the <»ne to l)e divided into equal segments by its zero ix>intB,aiid 
let the irregular divisions be on the stroke, where the motion, 
also, is variable, and where the events of the two parts of 
each stroke are dissimilar. 

"We will therefore take U as the zero point of the crank-jrin 
circle, and reck(»n ISO'^ each way from it. Tlien let G'K', the 
corresponding piston position, be the zero iK>int of the piston 
motion, and let the distances fn>m G'K', each way to the end 
of the sti-uke and back, be the segments of the double stroke. 

The steam cylinder may thus be regarded as a comj)ouiid 
one, compuscd of two cylinders of unequal length, estimated in 
opposite directions fi-om the section G'K', as a common base, 
in the common initial, or zero plane of both. 

Distinguishing the pistons of tlie two forms of connection as 
the crank piston and the yoke piston, we have tlie following 
theorem. 

Theorem XXV. 

The crank piston is ahead of the yoke piston duHng the 
stroke towards the shaft ^and behind it dunnr/ the oppo&ite stroke. 

Since the segments viK and nK of the double-stroke, PL 
XXIX., Fig. 1, are e(pial in the yoke connection, the accel**m' 
tions of the piston from in to K are exactly symmetrical with 
those from n to K, that is also with the retardations fn>m K 
to n. 

Since the like segments, PC and n'O, are unequal in the 
crank connection, PO being the greater, while both arc tra- 
versed in the same time, the acceleration from P to is more 
rapid than from n' to 0, that is, than the retardation from 
to n\ 

Hence it follows that as the pistons of each connection start 
together, from the position P/«, the crank piston will gain on 
the yoke piston till the former is at K'G'; the latter bein<y at 
the same time at GK. Then the yoke piston will gain on the 
crank piston till both coincide at nn. 

Therefore the crank piston is ahead of the yoke piston dnring 
the stroke towards the shaft, and conversely, as is snfficientlj 
evident, is behind the yoke piston during the stroke fnym ths 
shaft. 
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But it is Btill to be noted, that after the crank piston has 
gained, till it is ahead by the space from GK to G'K', the yoke 
piston makes up this loss and catches the former at nn. Then 
starting together at n/iy the yoke piston gains during the back 
semicircle of the crank pin, till ahead by the same space it lost 
before, when the crank piston makes up its loss and catches 
the yoke piston at P. Thus the division of the double stroke 
adopted in (214) is further justified. 

Cut Of. 

.215. Let that part, v, of the valve, which covers a steam port, 
be called its lijp ; and when the lip is of tlie same width as the 
steam pc)rt, and when the eccentric centre, as in the foregoing 
examples, is just 90° behind the crank pin, let the arrangement 
be called a radical valve motion/ it being the one from which, 
as a base, to proceed to make all necessary modifications. The 
eccentric centre will be thus situated because the valve is at 
mid-stroke when the piston is at the end of its stroke ; exactly 
BO in PI. XXIX., Fig. 3, and sensibly so in Fig. 1, owing to the 
leugtli of the eccentric rod, as compared with the eccentric arm. 

The main events in the valve, or piston, stroke are the point 
of admission of steam to produce a stroke ; the point of cut- 
ting off ; the moment of closing the exliaust, by which steam 
is pent up before the piston ; and the moment of release, when 
the steam which is producing a given stroke begins to escape. 

It will now be convenient to study the separate effects of 
angular advance, and of laj^ (211) upon these events. 

Theobem X XVI. 

Tlie efect of a given angular advance of the eccentric, vnU 
he to afford " admission " for a new stroke, " cut-off ^^ " «z?- 
ha/ust closure " amd " release^'* aU at an equal number of de- 
grees before reaching a dead point. 

Let die crank pin be at any position as +45 PI. XXIX. ; Fig. 
8, and mo^ing towards a. The eccentric centre will then be 
90° behind it, at h. Let h now be revolved 22^° to k. Then 
hbk is the angular advance. Then when, in the revolution of 
the main shafts k has come to the diameter, ed, the crank pin 
will be at +67^^°, that is 22}° from the next dead point a. 
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But when h comes to ed the valve will be at mid-stroke, and 
moving towards the shaft, and hence admission at n begins for 
the next stroke ; cut off at n' takes place for the present stroke, 
the piston being at h\ found by making h'h! = Bi = a A; 
and exhaust closure and release occur simultaneously at ^ and 
i!y respectively, at the same time with the other events. 



Theorem XXVII. 

The effect of a given lap^ alone, corresponding to a certain 
number of degrees from, tlie zero diameter ^ is, to postpone ad- 
mission for an equal number of degrees heyond the dead point ; 
to produce cut-off at the same number of degrees before the 
dead point / vnth release and exhaust closure at the deadpoinL 

This theorem is best established by considering the valve as at 
mid-travel, PI. XXIX., Fig. 4, where, to avoid confusing Fig. 
3, the cylinder and valve are considered as simply translated to 
the left, with the valve placed at midstroke, and lengthened by 
the lap, I, at each end. When the valve is at mid-travel, and 
moving backward, its slotted yoke is on de, Fig. 3, and the 
piston at A is ready for a stroke to the left. The piston rod, 
issuing, as before, at C, is supposed to be connected with its 
yoke de by links from a long cross head, and passing alcHig 
each side of the engine. 

Remembering that the valve and its yoke move in opposite 
directions, with a rocker arm, I must be laid off to the right of 
de, on ba, to give the yoke position, mm', corresponding to the 
beginning of admission, atj9, when the crank-pin will be atN, 
so that ^bm shall be 90°. 

Thus N is as many degrees beyond a, as w is beyond de. The 
angle m^)d is called the lap atigle. 

Again, cut-off, on the stroke from C to A, evidently took place 
at^', when^' was just closed by the valve, moving to the left 
Then m^m' was as far to the left of de, and N as far above a, 
as the same points now are beyond de and a, in the direction 
of rotation, S. Exhaust closure occurred at mid-stix)ke of the 
valve, and, there being no angular advance, this would l>e at the 
dead point of the piston. Release, also, only begins when the 
valve has reached mid-stroke, which is at the end of the piston 
stroke, that is at a dead point. 
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Ir i^ (litis evident that uo very flerioua evil results from lap 
alone except to jx»tpoue ftdinisaion beyond the motueDt of l)e- 
ginniiig a etnjke. 

To avoid tliii effect, angular advance and lap mnst be com- 
bined, observing that, separately, they have opposite effects 
upon the time uf beginning adniiEeion. Let ne next e 
their joint effect, as illuBtrated in a problem. 



Peoblsm SXT. 

To produce a cut-off at a giaen, arank-pin position, witliout 
prgvfrnting proper admi-asion, etc. 

Let it be required, PI, SSIX., Fig. 5, to cut off at a crank- 
pin jHJsition of 50° ; where ac, the stroke diameter, = AC the 
Btixike, where /.fy is the yoke, and G the pietou position at cut- 
off, (i// being = BB' =Ao. 

B'A, peri>endicnlar to the crank arm, BV, will be the ])osition 
of the ei'L-eiitrie arm, for the radical valve having neither angu- 
lar advance nor lap. The port, ^>', is therefore open by the 
apace A'b' =fi//. and, as the two last theorems show, it cannot 
be closed at the present piston ptisition, by angular advance 
almie, or lap alone, without displacement of the other main 
events fif the stroke. Now, if we advance the excentric arm 
B'A to BX, 2^1°, or half way to the mid-stroke jKisition, the 
opening A'i' will be partially closed by the amount h'vf—hc, and, 
with the same valve, admission, by Theor. XXVI., would occur 
20" ttf* sfHin. If, then we eom]>lete the closure by a lap, JV ^= 
be, corresponding to the lap angle nWk of 90°, the cut-off will 
be effected at the desired point ; and admission, which would 
be 20° tix) late, by Theor. XXVII., with lap alone, is hastened 
by the equal contrary effect of tlie angular advance. 

Hence to proiluce cutoff at a given erani-ptn position, set 
the pin at that piwition, give an angular advance to the excen- 
tric equal to one-half the differeace ad between the Crank-pin 
poeition and 90°, and add to the outer edges of the valve a 
lap = to the perpendicidar distance from the new excentric 
pneidon to the mid-stroke diameter, B'n. 
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Pboblem XXVL 



To determine the exhaust cU>9ure and rdeeue^ far the air 
Justed cut-off and admission. 

As the addition of lap, that is outside lap, to t&e valve does 
not at all aflFect the positions of the inner edges of the valve, 
relative either to each other or to the edges of the ports, we have 
only to consider the effect of angular advance, alone, upon the 
times of exhaust closure and the opening for release, just as in 
the case of a valve without lap. 

But, by Theor. XXVI., the effect of a given number of de- 
grees of angular advance is, to fix the occurrence of all the main 
events of tlie stroke at an equal number of degrees before reach- 
ing a dead point. Hence, for a valve giving a certain point of 
cut-off, the exhaust closure at j?, Fig. 3, and the opening for re- 
lease at^', which are simultaneous, take place at a crank podtioD 
as far from a (90^) as there are degrees of angular advance. 



Theorem XXVIII. 

The travel of a tsilve icith lap is the sum of twice the lap 
added to ticiee the steam-port opening. 

To establish this clearly, refer to PL XXIX., Fig. 4, where 
the valve is at mid-stroke. The total travel evidentlv consiBts 
of the sum of the distances traversed to the right and the left of 
the mid-position. 

First, then, at the port, p\ the valve must first travel to the 
right, by a space = /, the lap, before the port will beg^n to be ^ 
opened, and then further in the same direction imtil the port/' 
is opened to the extent required. 

Second, the like successive movements must take place from 
the mid-jKisition to the extreme left in order to first begin, and 
then <x>ntinue the opening of the port/>, equally with^'. 

The entire movements from mid-stroke are thus equal ; each 
is thus the semi-travel, and their sum is the travel of ths 
raire ; which is sensibly equal (208) to the throw of the eccen- 
tric^ that is to the diameter of the circle described by the cen- 
ti-e ^»f the eccentric. 
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Theorem XXIX. 



^Inside la^ prolongs th-e expaii^iim and iMsterta comjfrcssian / 
liie in«ide oUaranoe hastens the rdeaee and postpones th« 
'nninff of compreaswn . 

1 PI. SXIX., Fir. 5, the valve J'KRF, whose interior length 

;, has neither inside lap or clearance, H being equal to oo'. 

Etlie pii^toii, G, be moving in the directifin of arivjw P, the 

Ive will be moving as at P', the crank })in and eccentrie cen- 

B being at d and ly and rut-off is jost ocunrriug at h\ and 

Kinfiion beginning. If, then, the length of the interior open- 

(■ were U»i> than 11, in which case there would be inside lap, 

' it is clear that the jx^rt, p, would be closed sooner than it will 

be now, which would cause coi/iprnHsion-, fjf/ore the piston, that 

■■is between G and A, as the piston is now moving, to begin sooner 

^ )w will. 

At the same tinie,^' would eWdcntly be opened later than it 
. be now, which will prolong the time of enpansion, and 
Btpoue the release^ wliich takes place hehiitd the piston. 
~ 1 the other hand, if II were greater than it it now is, there 
Fuld be inside c/r^u/uncf, and p would evidently be closed later 
n it will be now ; and the compi-essiirit would be postponed 
3 Bhorteii^d. At the aaine time, p' would be ojieued saoner 
ma it will be now, and thereby expajisum would lie altridged 
1 relettse hastened. 

To repeat, and Biininiarily : TVhen there is neillier inside lap 
r elearance, the opening of one port and the closing of the 
Ep'^eite one by th^ inner edyes of the valve, are aimidtaneoua 
i dependent on the angidar advance alone (Theor, XXVI.). 
side lap hastens the chsure of the port before the piston, and 
ioereby hastens compression ; and retards the <yp«ning of the 
port hehind the piston, and thereby jWf^nya arpams-lon hy post- 
poning the rel'case. 

Inside c/caram-e has just the opposite ejects. 
Continuing the summary, but relative to the outer valve edges 
for convenience of reference, we have, from Thcor, XXVTI., 
iOtUside htp postpones admission and /mstens mtt-off ; but 
I, of itself, no effect on exhaust cloeure or release. 
Antpdar advatuie hastens admission, cut-off", exhautt closiire, 
3 release. 



77:»i' -f r-r* -. ± r=^^ -ins?" vs» 5ach a thiDg, would 
-:s^ rir ^f «i«ir '■fp-T z?iiL ^*r#wif fop. Thus, if the 

f». "^^ JL XXTX., Fig. 1, were ksi 
s inii -fue liirce ports, both ports 
•si.-* IT niil-scr.ie : fteam would have 
: '^^ -ii-i=- r "He liiv.iL iz -Dce, and cut-ofiF of the 
:mir » -; ? "ir-Tnii 3l'T :aii» Tiiue till P had proceeded 
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X"3tfr irt vs^n 55- ir ?. if rie ^ve, T, is at mid-stroke, as 

z -w .!_•* t. lit *-r.*^nrrrt.' ,t;iirre ttEII be in a position anal^jgous 
^.- ■*, - in*; '»' ■u.iiii:^ * i^ a -jenrre, when Ar is vertical, and 

7i J^ i "^.r -s. in*: i»*?*:rl': ii^r aji aiv which will cut the circle 
^aj^-s • ~::^ z-mv^'rz**: :^^rx^ in the corresp-?nding position of 
rj»* •: ::r^ . .' " -i'=<^« * r ^he motion represented by the 
^*-* *v^ T-it: ii' •"■-' c -^ *-^ €vveiitric and valve is thus, though 

i k <•.-.:*. It r 30»lt\ 1 xozLterpirt of that of the piston and crank; 

.>^ r-^c* i^"""' '^ rv-itively smaller, owing to the mnch 

--^.^itr .1"-:^'^ - — *^ evventrie rod as compared with the 

^.-:?,rv ^-ni* :iii^ *^ f.'cud in the ratio of the connecting rod 

;^ j^^^ .-V/-"*'-/;' •*'^- i-t^^rr^ntion of the rocker^ the 9maXler b^- 
^ .- r ->%* ^ ii*"Ie <r^:ke of the valve is its foncard one. That 
^ .^ ,>Kntictt SiB?e* analvi5^>us to G'K', of the two segments is 






• ;-.,/. -ic r»%W- :w* nlJ-^froteySS at Y, Fig. 1, while the 
•.^.•* "vr'— t? ^< i^-^' back of the crank pin, as on UW, we 
^ ... ^.S -^^ Vr--then the eccentric rod. It \W11 then follow that 
V *^*»r -^fc-K-^r^-*: of the double stroke of the valve will be to 
•» ^C^^f *^ ^'^* ^^^"^ therefore the ^vidth of port opening at/ 
*.U J^::^^'^ exi.vt\l that at />. That is, the port p may not be 
^\ \.»wo^U v>r the jK^rt ^ may be overpassed, or more than 
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HACUISE COXSTRrcmON AND DHAWINO. 

Distribution of Power. 
Sl6. As the motion of the crank pin ia nniforni, while the 
e load carried by the engine is supposed to be uniform 
\ the power applied, while the crank pin is traversing the 
Doicircle UQW, should he equal to that applied to it on the 
oicircle WQ'TJ. A perfect engine therefore wonld seem to 
^ one in ivhich ihe power exe-rUd in the sub-cylinder, K'G'P, 
""die the piston should pass from K'G' to P and back, ehonld 
ibal that expended in the smaller sub-cjlinder, K'G'w. 

bether this could be practicably and advantageously accora- 
Ifihed by making tlie valve faces and steam ports nnsymmetri- 
1 with GJ, so as to cut off nearer to n', on the stroke n'P, than 
■ P. on Pn', is a question which may he left ro niechanieat en- 
keers and designers, and to the larger treatises on val\c! motions. 
■The hniits of this volume only permit the (picstion to be 
led, whether, as just implied, it would be possible t<3 make 
p work in K'G'P, that is the average pressure on the piston 
1 passing from y to P and back, mnltiplied by tlie distance 
P, equal to the work in K'G'n' = the average presani-e when 

r from q to n' and back x 9 qn'. 

itTust this may be noticed : With a constant effort applied t<i 

t^the crank pin tangcnb'ally to ite circle, a less total effmt 

1 be required on the arc DQF, and hence a leas average 

B on the piston, from GK to P and hack, than from GK 

in' and hack ; and aa the eccentric motion makes the cut-off 

r later on the stroke from P t^i n', owing tu the greater irre- 

irity of the piettm motion, Theor. XXV,, this diminished 

Bsure can be obtained by the earlier cut-off on the stroke 

a n' to P. 

Zead. 

IS17. Owing to wear of the hearings of the crank, and the 

s head pins, and the necessity in some cases of a minnte^ 

my of these pins in their bearings, to avoid ti:>o much stiffness 

I binding, the sum of QO and OP, PI. XXIS., Fig. 1, is not 

daely c^mstant, in actual mechanism. During the stroke 

. the shaft, that is from n to m, Q and o are at their 

set distance apart, being pulled apart hy the steam, acting 

(tlie left side of P. During the opposite stroke, Q and o arc 

)ed togellier. The change takes place at the ends o£ a 

18 
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stroke, and if not made gi-adiially, by slowly overoomixig 4> 
momentum of the moving parts, the result is an injurious^ sod* 
to the ear, disagreeable " thumping," or " pounding," nponfla 
centres. Now coTnpre»sio7i tends to overcome tliis momentnni 
but if employed to tlie very extremity of the stroke, or » Wr 
beyond, it injures the lubnisHioyi for the succeeding strob. 
Instead, therefore, of relying only on the compression of fc 
confined steam of the previous stroke, it is better to also aiaii 
tliC " Iwe steam " for the next stroke, an instant before fl« 
beginning of that stroke. The opening of the port at the pohit 
of l)eginning a stroke is called the lead of the valve. The ocff- 
resjxjnding distance of the crank pin from a Jeadjwint^ is called 
the lead angle (212). The lead angle may vary from 0*^ to 8*. 

Problem XXYIII. 

To provide a certain lead angle tcithout distvrbance of Ai 

cut-off. 

By Theor. XXVI., angular advance hastens both tidmi$8M 

and cut off, 

Outsid-e lap retards admission and hastens cut off. Hence 

a reduction of it haMens admission, and retaids cut off. 

If, then, we increase the angular advance of the valve, »y 
3°, from /% PI. XXIX ; Fig. 6, the valve will begin to open the 
port, 7>, 'i" before the crank pin rea(^hes the -f 9<)^ point, and 
the cut oflf will also oc(jur *6^ sooner than now, or at 47°. 

But if we also reduce tlie lap by an amount corresponding 
to a"* from l\ tlie cut-off pi.int will retreat 3^, fi-om 47° to 50** 
again, and the admission will be further hastened from 3° to 
0° in all. That is, admission will begin when the crank pin ifl 
G° frotn the + OO"^ ])oint. 

Hence U) ]>roduce a given lead angle, as required, tnerMM 
the angular advance by half that angle, and reduce the lap by 
the other half. 

Problem XXIX. 

To determine the effect of lead mi exhauH dosurey rdM»^ 

and travel. 

Since, by Prob. XXVI., exhaust closure and releaae,wliien thflM 
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is neither inside lap nor clearance, depend only on angular ad- 
vance, which hastens both, the increase of this advance by 3** 
hastens the both of the events named by the same amount. 

The total angular advance being now 23°, the exhaust closure 
and release will take place at the + 67° position of the crank 
pin, instead of at the + 70° position as before. 

Finally, as the serai-travel equals the sum of the port open- 
ing and the lap, the reduction of the lap, made to procure lead 
without altering the cut off, has reduced the total travel by twice 
this reduction of lap. 



Theorem XXX. 

The Angular Advance^ estvmated from the zero radium 
hitherto taken^ is equal to the sum of the lap and lead anglesy 
estimated from the sam^ point. 

See PL XXIX., Fig. 6, giving an enlarged view of the quad- 
rant n B'M of figure 6. B'M is the semi-travel. Here, when 
the angular advance is increased from hk (= hn) to Ar, by 
half the lead angle, the new lap = the space L. 

Now, reckoning from n, we have ns = Ar, by making ks = 
JcTj as kr is at once the increase of the angular advance, and 
the decrease of the lap angle, n B'A, by half the lead angle. 
Thus ns =. the angular advance, = the angular measure of the 
gum of the lap L, and the lead Z, also estimated from B'n. 



Theorem XXXI. 

When the steam port is open hy the amount of the leadj 
the (Opposite port is open for exhoAist hy the amount of the lap 
and lead. 

See PL XXIX., Fig. 4, where the valve is at mid-stroke, and 
supposed to be moving left. Before the steam port p, for the 
time, can open at aU^ the lap I must be overcome, and then the 
exhaust port^' will be open to an equal extent. 

Again, when the steam port p is opened to a certain amount 
of leadj the exhaust port,^', vdll be evidently opened further^ 
by the same amount, which makes its total opening as enunci* 
sted. 
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Port Ojpeni/ng. 

218. In many engines, the steam ports are alternately used 
f(»r tlie admission and the exhaust of steam. Various considera- 
tions bear npon their proportions. 

Firnt. Steam, during admission, maintains a nearly unifom 
j>i-(ssure, while during the exhaust a single cylinder full of steam 
forces itself into the atmos])here by its own elasticity, and with 
diminishing velocity as its tension decresises by ex])ansion. Hence 
when separate ports are used both for admission and exhaust, 
the latter should be the larger, and when one port serves both 
purposes, it should be adjusted, as to size, so as to secure a free 
exhaust. 

Second, The speed of the piston evidently affects the areas 
of the steam and exhaust ports, l)oth in relation to each other, 
and to the piston area. Wlieii the piston speed is gixuit, s^) tliat 
the piston folloAvs up the escai)iiig steam so rapidly as to partly 
push it out of the cylinder, the average tension o'f the escaping 
steam will differ less from that of the incrHiung steam, tlian in 
case of slow piston speed ; and the steam and exhaust ]»orts may 
be more iKN'irly ecpial. Thus, it is stated, that for piston sjieeds 
not greater than 200 ft. per minute, the area of the exhaust 
may Avell be 0.04 of that of the piston, and that of the steam 
port 0.()2i of the same; while for a ])iston speed of GOO ft, per 
minute, the exhaust port area should be 0.10 of that of the 
piston and that of steam port O.OS of the same. In the latter 
(^ase both ports are larger, and also more nearly equal. 

Third. When, as in most cases, one port serves for both 
admission and exhaust, the size and travel of the valve, and the 
})ositioiis of the ports, should be so adjusted, that the valve will 
open the \Myr\.^ fully fttr cxhaui<t^ and partially, to the due ppo- 
])ortioTuite extent, for admission. 

This, of course, cannot be done with a valve having no lap, 
as in PI. XXIX., Fig. 1, since, as is evident by inspection, a fiJl 
opening of ^/, for instance, for exhaust inv(»lves a simultaneons 
full opening of jt f<»i' admission. But, see PI. XXIX., Fig. 4, 
when the valve has moved to the left till ^', for instance, is 
fully oi>en for exhaust, the opening at p will be less than the 
width of the port by the lap, L If this opening be too little, 
move the valve still further to the left by a greater throw of die 



I 
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eccentric, till the required opening at p is obtained, and con- 
trariwise, for due steam opening atjp'. 

Fourth. Having thus the proper travel, see Theor. XXVIIL, 
the eccentric can be set, with a throw just equal to this travel. 
The action of the valve, by which the port p' is more than 
()l)ened, for exhaust, in order to secure due steam opening, as at 
jt>, is advantageous, since it keeps p' wide open for exhaust for 
more than a bare instant. 

Fifth, While a port, which is large enough to afford a free 
exhaust, need not be fully opened for the admission of steam, 
still it will do no harm to have it so opened, and may yield 
some advantages, especially if tlie port be very long and 
narrow. 

Wlien the travel of the valve is quite short, the valve will 
move more slowly, and tlie ports will be opened somewhat 
slowly, and the steam wHill enter with some difficulty through 
the very narrow opening which it fii-st meets. This obstruction 
is called wire-drawing the steam. It may be avoided by in- 
creasing the travel and hence the speed of the valve, so that 
tlie ports will be rapidly opened. Also by making the outer 
edges of the valve quarter round instead of square, as at ky 
Fig. 4. 

Increase of valve travel, so as to give a port opening greater 
than the width of the steam port, gives the further advantage 
of quickly bringing the ports wide open, and of keeping them 
so during that part of the travel by which the port opening 
exceeds the width of the steam port. This excess may seem a 
contradiction in terms, but the port opening simply means the 
distance which the outer edge of the valve, as y, PI. XXIX., 
Fig. 5, moves from the outer edge, as Jc\ of the port to its ex- 
treme position, Avhich may be to some point as f beyond the 
inner edge o, of the port. Thus h'o being the port, kf would 
be the port opening. 

Si^th. Exhaust port opening. Whenever an inner edge, as 
7.t, Fig. 5, of the valve, being at mid-stroke at o^ moves inwards 
towards the centre line BO, a greater distance than the width of 
tlie bridge ;*, it partly closes the exhaust port E. Now, to secure 
a proper exlianst, the remaining unclosed portion of tlie port, E, 
must be at least equal to the steam port. . But the total move- 
ment of 771, from o to the left, is the semi-travel, and thus would 
bring m to m', when y travels to f\ m!f' being simply the ex- 
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treme left position of mf. We thus have the expreadoo far 
the width of the exhaust port, 

E = om.' +m'n—r. 
= om! ■'rold —r. 
that is, E = the semi-traTel + the steam port — 
the hridge. 
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Summary of Elements. 

219. The main paiticulars hitherto presented can be conTem> 
ently iinpre:ified upon tlie niemoiy by a diagram, the constmc- 
tion of which is sutKciuntly illucitrated by Fig. 106, wheie OB 
rei>rcsentri the crank iK)^itioii, and AC ~ OB, the aemi vali-e- 
travel. OA represents tlie corres|>ouding position of the eccen- 
tric arm of n valve without lap or angular advance. It is then- 
fore the line frt>ni which (see hi, PI. XXIX., Fig. 6) the lap 
angle is U> be estimated. 

SuWfJirti, suppose an angular advance of 20° and a lap-aii|^ 
also of 2U^ from OA {Prob. XXV.) giving ae for the lap and 
ed for \tie jxirt i>j>eiiing (Th. XXVUI.), and cutoff at 50% and 
exhaust closure at 70°. 



\_ 
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Then, second^ let the angular advance be increased to 22^**, 
and the lap angle reduced to 17i° (Prob. XXVIII.), and we 
shall have — (ib = lap. 

he = lead. 
id? = port opening. 
ad = serai-travel, 
exhaust ck>sure at 67^°, and 
cut-off at 50°. 

Or, if the port opening = ed, as before, the total travel will 
be reduced by twice the reduction of the lap. Notice that be is 
not reckoned for the 5° from OA, since, in fact, the angular ad- 
vance is made first from h to k, PI. XXIX., Figs. 6, 6, to leave the 
primitive lap angh A'B'w, and then increased to give the semi- 
lead angle, between the full and dotted lines AB', and to reduce 
the lap (Prob. XXVIII.). By inside clearance = he (Th. 
XXIX.) the point of exhaust closure may be restored to 70°. 

Upon this diagram, it is only necessary to remark: 

1«^.-Similar illustrations may be made, beginning with any 
other angular advance and lap angles, taken at first equal to 
each other. 

2c?.-Having found the lap, port opening, and lead, for any 
travel, the same can be found for any other travel, by the sim- 
ple principle that they are all proportional to the travel. For 
if Fig. 106 were reduced, till AC were any given part of what 
it now is, all parts of the figure would be reduced in the same 
proportion. 

220. The matter already presented enables us to determine 
various interesting particulars. The piston position for any 
given crank pin position can easily be found, as already 
shown. The angular advance and lap angles for given lead 
and outroff being given ; the travel, and the eccentric position 
for any crankpin position can readily be found, and the vadve 
position for any given eccentric position can then be deter- 
mined, so that finally the valve position due tp any piston posi- 
tion can easily be constructed. 

Indeed, tlie student cannot now better exercise himself on 
this subject, than by constructing, very accurately, and on a 
lai^ scale, from given data, taken from actual practice, a fig- 
ure similar to PI. XXIX., Fig. 5, but with the piston positions 
for all the crank positions, 10° apart, and for those at 5° apart, 
near the dead points ; with the corresponding valve positions 



treme left position of /",' 

the width of the exhaust ; 

E = 



the bridge. 
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taM we conclude that, to reveree &n engine, the eccentiic 
ftK'ftdJDBtable upon the Ehaft, as from & to k" ; or there 
tho two ccceiitrics, as at £ and k", each of which, sepa- 
b.Jiiay be put into commnnicatioa with the rocker. 




B Utter method is now iu general use. 
nnerlj the eccentrics were separately pat in gear with the 
ir by tiie old drop-hook motion still seen only on a few <ild 
les, though generally used in this country before 1S30, and 
previona to 1860. Space forbids more than the rude 
ration of it in Fig. 107, the study of which will greatly add 
e Btudent'e appreciation of the "handiness" of the link 
m, to be afterwardB briefly explained. 



^^4 



Tie ricit-?iam£ tSctt i a* i -w^jild arvemr in an end rnrvof 
*iig^7.i*. inii tne :rrjer isi jk &pccar& *:•& a frc*Dt elevatitti of 

r^e ■^r^.z.tr. B^ — 2 'ie I'-'s-er. in-i Q.Q the npf«er rodnr 
ir!L.. FIi is tfi'* f r»ur»i ajrer.rri*; r.i ».-r r»:id for forward 
ni»:C' CL " !r:«.'tTe liniT fr' d aa. •si.iMci.tri'^ c-n tte driring diaft, and 
:i« 'V' 'i*zLLz.ti -ie --rr^^al i£asuc£cr of lie iaft, sis R is drawn 
'T'fll :ii*:i. ZH ia "iie r;a«^ eix-eniri'* Lxt •.at of gear. Its 
^::!i:ii^:- "■ "T. ii ii fr* c: if tLe ':"ericaLl diameter of the driv- 
'".^ ?':i"^. T!ie -TAZ-k ;l:i 5* :^'v the driving shaft : the valve, 
sci* S iz.ii •-^. is T-rll f .rxir»i : rream is entering the rear steam 
!• n. TZiiZ is tie .He zear^fs^ ie *hafr, and the piston and the 

T-: rrj-^erie tiie eiuriie- iimr c«efc the arnu FG, br a lever in 
'±ji ..^c. TLis ^Zl rvrvvtve ic sector, Ei", and thence give 
rhe ^ciall zejjr. DD . half a revolation on its shafts Dd^ also the 
same : "lie ^mi-Lr^.-^Iar cams, C—C, and c—c'. This opera- 
ri' n ill' 'v^i BEI. Trh:.:h rests, bj its stirrup j». on the cam, cc\ to 
fall tj its •'3m freight : and raises FH off the rocker pin,/>j>'. 
Tben, *■ * •ira-arliii: :<ick the arm, rr". br a lever in the cab, and 
tiir ojii the r d ir/*,tLe r:<-kers are revolved to the position O, 
whtrrtr the b.« k, \. settles «:»n to the pin, j]i>' \ revolved to the 
J-. ti:t:-:n :j' . 

The val^e, i-eing then in a p:^itii>n to admit steam to the 
ri:rht-har.'i en«i of the cylinder, while the crank is still above the 
shaft as h^ef^re, the eriirine will g»i iachcard from a state of 
rest, when V«ef->rv it w...uld have g*mejfjnt<ird. 

The eccentric n «ls V-eing side by side, the lower rocker, R, is 
d 'uble, as sh*>wn t .n the end view ; where, to avoid confusioD, 
the end view of the eccentric nds is omitted. 

Thi> w:is n»»t a very rude contrivance, and was used on new 
tirst-olass express passenger engines built as late as 1S57. Still 
it had many inc*onveniences. The hooks (k) might bound off 
their j>ins. or, when raised, they might get jambed between the 
nvkers, as E' and R" and fail to fall into place promptly when 
the cam sh:ift was tumbled over. But worst of all was the 
delav when instant reversal was required. For, to prevent the 
rapid ^.iscillrttion of the levers in the cab, for swinging over the 
rvvk-shafts in reversing, the rod, Mn, was lifted off the phi, n, by 
an ami, L, drawn to an upright position by a lever acting 
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igh U, unless tlie latter presented a ring tu baud, at the 
cab. Then l»t, SI«, must be settled cjii to its piu ou the arm, r. 
2d. The cam shaft must be tnmliled. 3d. The rm-kere, E, 
mtut, by tbuir mutiijit, uatcb the hu<ik intended for tbein. And, 
after all, from a Bcientitic puiut uf view again, there was 
no cut-off, at least no variable one. Engines in th(»e daj's gen- 
erally had little or no lap to their valves, so that the eccentrics 
were essentially at right angles to the crank, and so that there 
was no cut-off, or but very little, 

Cutijffs, then, were separate \-alve8, in separate two-ported 
steain (valve) chests, directly over the main valve chest, and 
were generally invariable cut-o£fs at that This required one or 
two mure levers, while the link motion, with but one lever, is a 
variaile cut-off. 



»£XAHPLS LIX. 
A StepAengon Zi-nJe Motion. 

Degoription. — This motion is bo called from the engineer 
who first brought it into use. It was invented by a Mr, Uowe, 
sn Englishman. 

There are variona other English and cmitdnental link-motions. 
The Gooch, or stationary link, except as to its oecillation by the 
eccentrics, and in which the link block rises and falls to reverse 
an engine. The Allan, or straight link, and others. 

PI. IX.. Fig. 3, 18 merely a sketch and measurement* from 
ft link-motion model, not showing the valve, rocker, and eeeen- 
tries in llieir true relative position, but which may quite as 
wfcll, for that, illustrate the ojiei-ations of drawing such a model 
and adjusting it. L is the link, and to catch the main idea of 
its operation it is only nefessary to conceive the forward and 
back eccentric rods in tlie last examiile to be attached to it 
M at / and h. The link block pin, /, is held by the lower 
end (if the rocker arm, R. Then, by letting down the link, by 
the liand-lever, C, working on the arch. A, till the mean posi- 
tiona of f and I are about on Od, the forward eccentric, alone, 
will actuate the valve. But if the link be raised, till b and I 
are in like manner togetber, the back eccentric, only, opei'ates the 
valve, essentially as in the di*op-hook motion, only that bnt one 
Etion of one lever is refpiirtd to raise or lower the links on 
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both Bides of the engine. When it is set so that 2 is at variooB 
points) between b and^, I will have the resultant motion due to 
the joint action of both eccentrics. The effect will be to reduce 
the travel, and hence, obviously, to vary ike cutroffj by the 
quicker shutting again of a steam port after it begins to opeu. 

Thus die link motion is a variable cut-off. 

Construction, — There are so many parts and points to a link- 
motion, that, in practice, it is usual to fix some of the latter, 
with reference to convenience or practicability, as governed by 
surrounding parts of the engine. 

Thus, taking O, the centre of the crank shaft, as an origin, 
or fixe<l point of reference, and 06?as the horizontal centre line, 
containing the axis of the cylinder, fix T, tlie centre of the 
^^tumhUntj sliitftr by the co-ordinates 25J" and G^^i^tlis, in 
this cxiiniplc. Also, S, the centre of the i\K*ker shaft, by the 
civoi'diiuites 34" and 4''. 

The fixed dimeni?ious of the link in this case, are the radius 
of its centnil arc, the ''link-arc," 34", the distance between tlie 
eccontrii' nnl pins 5^ ', their distance back of the link-arc IJ," 
and the length of the saddle 4^". The nuUus of thr lint arc 
must -: the ei'i'entrie rcKl. Yr\ -f the 1^" just mentioned, to avoid 
shiftiiiiT the eeiitiv of the travel, in different "ij^^ars.'' 

Let the thtrtf of the valve be :ll". For this purp<ise, if the 
n>eker arms are ojtMK as in the figures, eadi = 4^V' ? ^^^ ^^ 
thi\»w of t!\e eeeentrir. i»r radius ^»f the eccentric centre, will be 
sousiMv \} , v^r half the tnivel. 

When tlie t\»rwanl srear ercentrie i\xl, F r\ is in action, it will 
be nearlv, t-r exai-tlv, fii the centre motion line Oc/, and when 
tlie v:il\e V i> at its extivme left. The |^»int /, the linl'-Uiid 
j>i f, whiili is held by r!ie lower end of the rvx-king anu B, 
mr.st then be at i:> exiivme riirht or o4 "-i-li^=35|^" fn.»m 0. 
lleiuv the leiiirih of the er^-eiitrio /••-/, as Yr\ from the eccentric 
ivutrt^ l''\ \i\\\<x Iv o.^J- — 'li — li » = 3-i^ '. 

Tl\e v:>:,inv'e f:\'tii :i;o evve\:r!..- ventiv F, Xk* rhe •vater face of 
::-e V '**:iv ■ , riiC. . ■ t :':u ev.ov.nio strap iM?ing 4f ".the length 
■ '■ i^t rV.e evvvv.rylv- r d i^rv.vr wi'! le :}Ni , or F to / = 34". 

Tiuse vUsv-riy:: vs sh. \v ::.e rv^lati.^n In^tween the eccentric 
i\vl>. i'lV.d :::o r ^ Nvr s:.:if: S. Tivax is. when the valve is at mid- 
sT!\'ke, I'lie i\v!\tr ;;r:v. :s \er::v-al. usuallv. and the link block 
pv.i, .\ v.iusi :!u :: I v a: the s^v.^e V 'nj. ''i.W distance ff^nn O, tbat 
the {\>ii;r S :>. The virclo O — FK is that desoribed by tlie central 
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of the eccentrics, sensibly of IJ" radius, for a travel of 2J". 
The position of I can be found for any assumed valve position. 

Let us, then, consider the seven leading positions of V and L 

First. When the valve is at mid-stroke, the rocker arms will 
be vertical, and any motion, either way, of the valve, will open 
an exhaxvst passage, or give release to the steam. 

Second. If V be drawn each way from mid-fitroke by the 
amount of the lap^ the valve will be at the points where cut off 
takes place, and I will be at positions, which we will call Vl\j 
Fig. (y), at the same distance on the opposite sides of its mid- 
position, when the rocker is vertical. 

Third. If V he further drawn ea^^h way from its mid-position, 
by the amoimt of had proposed, I will have a pair of positions 
Z",Z'',, at the same additional distance each way from its mid- 
poeition. That is the horizontal distance fi-om I to V'=lap'\- 
lead. 

Now the last pair of positions of the valve are, of course, 
those which occur when the crank-pin is at the cejitre or dead 
jpoi?its. The lead must then be the same at one port, or the 
other, according as the crank pin is to go one way or the other. 
Hence the ecce?itrio centre j>o8itions^ corresponding to Z", and 
V\^ will be as at B' and F', equidistant from D', the forward 
dead point of the crank pin. And 90°-F'OD'=90°-B'OD' 
will be the angular advance of the eccentrics. 

This gives both eccentrics, crank, and valve in one set of 
simultaneous positions. If tlie link be dropped into place for 
"yi/K gear forward^^ that is, for forward motion of the engine, 
with the valve moving with full stroke, I will be at its position 
V\j Fig. (y), and the required lead will be seen in the amount 
of opening of the port^. 

Fourth. Let the valve finally be drawn to each of its extreme 
positions, and we shall then have the corresponding extreme 
positions Z'" and V^\ of the link block pin I. 

To find one position of the link. 

221. By (Theor. XXX.) knowing the tramel^ or diameter of O — 
FB, the Zap, and the lead^ F' and B', the positions of the eccen- 
tric centres, when the crank pin is at D', can be found by making 
their perpendicular distance from DO = the lap -t- the lead^ as 
just now indicated. 
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Then, from F' and B' as centres, with radins equal to die 
length to f and J, 32^", in this case, describe arcs, which will 
contain the points/* and &, as the link rises and falls. 

'NVTien F' and B' are the eccentric centres, the points^andi 
will have one pair of positions at a perpendicular distance from 
0(/, on each side of it, equal to half y^i or 2||-". Then draw lines 
parallel to O^/, at this distance from it, and note where they 
intersect the arcs before drawn from F' and B' as centres. An 
arc, through the positions of f and J, thus foimd, with 881" 
radius, will have its centre, Q, (not shown) on Orf, and an arc of 
34:" radius, and Q as a centre, will be one position of the link 
arc. 

Data for finding any position of the link. 

222. 1st F and B are always on the circle FBF', and at a 
chord distance apart = F'B', as previously found, 

2(1. y and b are at a constant distance apart. 

3rf. F/* and BA are of constant length, for any one airange- 
ment of the model. 

4M. ft, the wuldle-pin, forms with f and h a kno^vn triangle, 
fsb, where yi may be less than bs, to reduce the slip of the block 
in the link, the ])ath of b being more nearly parallel to that of L 

5tk, T beiiiii: a rigid joint, and t a flexible one, the different 
positions of s will all be <;n an arc with ^ as a centre, and 
radius ts, in this case of 7". 

CM. The centre from which the link arc is described iB 
always on a })erpendicular tofb, at its middle point 

With these data, the student is left to construct various posi- 
tions of the link, either by intersections of lines, or by a slip of 
stiff paper or thin w<K)d, cut to fit tlie curve of the link arc, and 
on which the points y, b and s are fixed. 

For any |K)sition of the link, I is always the intersection of the 
link arc, with the arc described by I from S as a centre, with 
the rocker arm, B, as a radius, ^^j\ in this example. 

When the valve rod is attached directly to Z, slip is avoided, 
as Zeuner shows, by making ts and ^T, each, half of a parallelo- 
gram, turning on two opposite centres of which T is one, while 
the side ts carries a slotted guide in which s moves horizontallj 
in all gears, and thus without vertical motion of the link. 
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To adjust the Model. 

223. The several adjustable arms aud rods are telescopic, and 
fitted with clamps to adjust their length. 

First. To adjust the Tra/vd. Set the fixed measurements as 
given, to locate T and S, and fix the lengths, F/, and B5, and 
make si = J". Drop the link into ^QfvU-geur-forward position, 
and make the half -throw of each eccentric = half the proposed 
travel, and set both eccentrics as nearly as possible to their in- 
tended positions, as F' and B' for the crank at D', according to 
the lap and lead required. Turn the crank till the vertical 
centre line of the valve coincides with VII, tliat of the 
cylinder. Then turn the crank carefully and measure the dis- 
tances of the extreme positions of the valv6 centre from VH. 
If their sura varies from the travel (2i") alter the half-throw of 
the eccentric by half the error till the required amount of travel 
is secured. Then if these distances are unequal, alter the length 
of tlie valve stem, ah, till they become equal. Thus, if the 
valve move further to the right of VII than to the left, we 
should lengthen the valve stem by half the difference. 

The amount and equalization of the travel for one eccentric 
are now accomplished, but without regard to the relative posi- 
tion of the valve and piston. That will next be attended to. 

Second. To give a certain lead to the valve. This is accom- 
plished by the angular movement, only, of the eccentric. Then 
clamp the crank at OD', unclamp the eccentric, F, and rotate it 
on its shaft till the port p is open the desired amount, -j^". 
Then clamp it. Then, if the crank be clamped at OD", the lead 
atjp' will be the same, and for a single eccentric the adjust- 
ment will be complete. 

Third. To adjust the hacJcward gear, BJ, etc. 

1st. Test the amount of travel, and perfect the throw of the 
eccentric, B. 

2rf. Test the equality of travel each way from VII, and if 
unequal, equalize it by a slight adjustment of the length of Bi, 
since to alter the valve stem would disturb the equalized travel 
of the forward gear. 

Zd. Clamp the crank at OD', and rotate the back eccentric 
till a lead of -^'' appears at p, and clamp it, when, if the crank 
be revolved to OD'', the same lead should appear at^'. 

Fourth. To readjust the full gea/r forward. The adjustment of 
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the gear backward will sometimes a little disturb that of the for- 
ward gear. If so, re-equalize the travel by a slight adjustment 
of the length of ¥/i Then reset the lecul by a small angular 
movement of the eccentric, the crank being at OD' or OD". 

Remarks, — The foregoing operations are easy, yet may be- 
come tiresome by overlooking some little practical points. Clamp 
each fixed part tightly. The rocker arms should be vertical at 
mid-stroke of the valve. See that the eccentric rods are of the 
proper length and do not slip. Let the points y and I be about 
in a horizontal line in the extreme forward position of the eccen- 
tric. If the crank overpasses a dead point where it should stop, 
do not }mck it up to the point, but go back some distance and 
then come forward to the point. This is to " take up the lost 
motion," or play between parts at all the joints. 

224. Wlien the model is finally adjusted, the valve can beset 
by turning the crank at the points — of beginning to open a steam 
poit ; cutting oflF ; exhaust closure, or beginning of compression ; 
and of release, or end of expansion, and the corresponding piston 
positions cxm be noted on the scale IE for — Full gear forward ; 
full gear backward, and any intermediate gear. 

The nunlel being adjustable in all parts, other travels may be 
taken. The following are specimen results : Lap = ^'\ 

1^^— Full Gear Forward. Travel = IJ". 

Lead = 3*j" at each end. 

Front [K^rt oi>ening,/> = f^". Back port opening,^' = y^. 

Gut off at = 17.4" (half inches) forward stroke. 

- '' - =16.7 " " backward " 

2^— Partial Gear Forward. Travel, 1\". 

Front. Back. 

Lead A" A" 

Cut off 6.1 (half ins.) 6.4 (half ina.) 

Opening ^ ^ 

3^— Full Gear Forward. Travel, 2i". 

Front Bftck. 

Le»d tV tV 

Cut off at 19 (half ins.) 18.75 (half ina.) 

C^jKnniig fulL full. 
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4^— Full Gear Backward. 

Front. Back. 

Lead tV iV 

Cut off 19| (half ins.) 19 (half ins.) 

Opening full. full. 

Again, in a little different form, and more fully. 

5°— Travel 1|", Stroke 12" =24 half ins. 



Full Gear Forward. 


Full G^ear Backwaid. 


Front Knd. 


Back End. 


Front End. 


BackKnd. 


Lead ^- 

Opening f^" 

CutK)ffin J ins... 18.2 


17.6 

• 


A" 

16.9 


m 



6°— Travel 2i", Stroke 12"=24 half ins. 



Full Gear Forward. 


Foil Gear Backward. 


Forward Stroke. 


Backward 
Stroke. 


Forward 
Stroke. 


Backward 
Stroke. 


Lead ^ 

Opening -^ 

Cut-off ) i ( 19. 

Compression f ins. | 22.4 


A 
A 

19.2 

22.5 


A- 

19.35 
22.6 


A+ 
A 

19.45 
22.6 



7° — Partial or Mixed Gear. Travel reduced to l^V"- 



Forward Motion or Gear. 


Backward Motion or Gear. 


Forward Stroke or End. 


Backward 
Stroke orKnd. 


Forward 
Stroke or End. 


Backward 
Stroke or Knd, 


Lead i" 

Opening ^" 

Cwt-off )i 112." 

Compression ) ins. ( 19.3 


i" 

19.6 


i- 
A" 

12 
19.25 


i 

A" 

12 
19.6 



19 
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^^ Throw " 18 diflFereutly defined as the radius j or the diameter 
(208) of the circle made by the eccentric centre. Either way 
lias its convenience. The question, " how far will the eccentric 
throw anything," gives the answer throw — the diameter named 

With this summary account, the reader is referred to the 
works of Auchincloss, Zeuner, Colbum, and others, in which thk 
^and other link motions are more fully treated than is possible 
or necessary here. 

By now putting together the eccentric, with its straps and 
rods, Ex. XXIX. ; the Hnk, Ex. XXVIII. ; the cylinder, Ex. 
X. ; and valve, Ex. XLII. ; with the valve stem and rockers, 
the student can draw a valve motion, from which he can leam 
much. The following may afford further data for practice in 
drawing, while the tables annexed are interesting as e2q)eri- 
mental determinations of the best relative positions of points of 
the link for making the main events of each stroke alike. 



Example LX. 

Data of Valve Motions. 

I. — Vahe Motion of a 15'' x 22'' Cylinder Pa^enger Engine : 

AtlantiG and Gt. Western E. E. 

Length of connecting rod = 6'-10^" 

Centre of shaft to centre of rocker = 5'~ 9|" 

" line of engine to centre of rocker, vertically = 5 J" 

" line of link to centre of eccentric rod pin = SJ" 

" of tumbling shaft, from centre of driving axle, 

horizontally = 4'- 4i'' 

" of tumbling shaft, above centre line of engine = lOJ" 

Radius of link, centre arc = 5'- ^l'^ 

Length of suspending link = 13^" 

Distance between centres of eccentric rod pins = 11 J'' 

Saddle pin back of link arc = ^" 

Lower rocker arm out of centre, towards axle = |" 

Length of eccentric rod = 5'- 5|" 

Travel of valve . . . . = 4" Kocker arms, each . = 9f " 

Outside lap = |" Bridges 1 J" x 15" 

Inside lap = Exhaust port 2 " x 15' 

Steam ports 1 " x 15" Drivers, diameter. . = 5'- 
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11. — Valve Motion of a 16" x 24'' Cylind'er Passeng&t' Engine : 
New York O. and Hudson River R. R. 

Length of connecting rod 7'- SJ" 

Centre of shaft to centre of rocker, horizontally 5'- 3'' 

" " rock-shaft above centre line of Cyl 6f' ' 

Eccentric rod pin back of centre arc of link 3|^" 

Centre of tumbling shaft, from centre of main axle, 

horizontally 3'- 7i" 

Centre of tumbling shaft, below centre line of engine 1'- 3^'' 

Radius of link arc : 5'- 3'^ 

Length of supporting link 1 - 2 

Lower rocker pin out of centre towards axle -j*^ 

Saddle pin back of link arc ^'^ 

Length of eccentric rods, centre of eccentric to centre 

of eccentric rod, = knuckle joint, pins 4r'-llf " 

Eccentric rod pins, apart 13" Rocker arms, each . 9 

Travel of valve 5" Bridges 1 

Outside lap f " Exhaust port 2^" x 14^" 

Inside lap -jV'^ Four coupled dri- 

Steam ports li" x 14J" vers, Diam 5'- 2" 

III. — Valve Motion of an 18" x 22" Cylinder Freight Engh\^ : 

N, Y. C. and Hudson River R, R, 

Steam porta If" x 15" Outside lap f " 

Bridges li" Inside lap -iV" 

Exliaust port 3" x 15" EcceTitric, diam 14^" 

Valve travel 5" Length of rockers. . 9 

llor. dist., centre of main axle to centre of rock-shaft . 55 

Centre of rock-shaft above centre Hue of engine. . . . 8^" 

Radius of link, centre arc 50" 

Saddle pin back of link arc i" 

Length of eccentric rods, as above (II.) 52' 

Eccentric rod pins, = knuckle joints, apart 13" 

" " back of link arc 3i" 

Centre of eccentric to link arc 55 J" 

Hor. Dist. of lifting (tumbling) shaft from centre of 

driver 36^" 

Centre of lifting shaft below centre line of engine . . 14 

Length of lifting arm 18 

Biz coupled driverSi Diam 4 - 9" 
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[□Bpecdon of this table shows that, as the link approaches its mid- 
■T poeition, had increases ; port-oj>eni)iij and travel diiiiiiiigh, and 
■^ and comjpreaai^yn occur sooner. The crank heing at OD', or 
>", lead occurs. The eccentrics will be at F' and B' and lead is 
ntest at mid-gear, because, see PI. XXXIII., Fig. 4, shifting the 
k to mid-gear advances it a little, but withdraws it when tlie crank 
it OD", thus opening the portB more, at^ and j*', respectively. 
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^^ Setting ^^ the Valve Motion of a Locomotive.* 

225. The engineer in charge first locates his cylinders and 
steam chests, places the valves on their seats, and the yokes 
(with their stems) over them. Tlie drivers and axles (eccentric 
pulleys being on) are fitted to their boxes. Guide rods, one 
cross head, and connecting rod, tumbling shafts and springs, 
rocker boxes and rcK'kers, located according to the drawings. 
The links, with their saddles attached, are swung from the 
tumbling shaft by their suspending links. The link blocks are 
tlien fastened to their respective nxjkers. 

The Engineer, having attached the stub ends of the eccentnc 
nxls to the stra|>s and links, prepares a trammel, and centre 
punch points, to indicate for the smith the proper length to 
which the rods should be " pieced out." They are subsequent- 
ly ]Mit in position. The reversing lever is mounted, as well a* 
the unslotted arches ; the tumbling shaft is ready for its con- 
necting rod to form its attachment with the reversing lever. 
This nxl is ** pieced out " ' to the length indicated, by dropping 
the link into extreme sjear, and observing how far over the re- 
vei'sing lever is capable of motion without interference with the 
cab. 

Thoi-e is no occasion to place the pistons or their rods, bat 
simply to take all dimensions which have reference to its mo- 
tion, fn»m centre punch marks on the cross head. 

The engine is then "jacked up" under the boxes of the 
drivel's, so that the latter clear the track. The first step in the 
]>n>cess of alignment is to mark the quadrant j>oints on the 
drivers, with reference to an ami clamped on the main frame 
which will s<^ overlap the face of the driver that the passage of 
the [K^int during the i-evolution of the wheel will be noted verr 
distinctlv. 

The driver is now connected with the cross head ; then it is 
revolved until the latter reaches the end of its stroke, and this 
extreme }>oint is marked on the guide rods. Distant about 3" 
from this iH»int along the nnJ another centre punch mark is 
made. Then, after revolving the drivers, their motion is arrest- 
ed when the end of the cn>ss head arrives at this second point; 
while stationary, the "scriber'' is dn\wn along the overlapping 

* Bt W. S Anchincloa. C. E. 
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a line marked on the face of the driver, CFpon re- 
volving the drirere, their motion is arrested when the points are 
a second time in alignment, and tlie face of the wheel is scribed 
a» before. We thus have 2 pfiiiits un the face of the wheel 
equally distant from the pfjint when the crank-pin is on one of 
the " centres " or dead points. Therefore the bisection of this 
arc gives a point, wluch, plated iniinediatelj nnder the scribing 
edge of the arm, will place the crank pin on the "centre." 
B^ repeating this process with the cross head when at tlie 
r end of tlie guides, we are able accurately to find tlie other 
Sentre." Thus obtaining the "centres" on the face of one 
liver, we can readily " train " the quadrants. The strap of 
f connecting rod is nest removed, and tlie rod allowed to rest 
kits yoke. 

fith these four points carefully determined, we are able at 
f moment to " pinch " the crank pins of either cylinder over 
ptheir " centres." 
The eccentric pulleys are tlien placed with nearly tlie proper 
lount of lead (as nearly aa the eye can judge), the reversing 
r thrown into full gear forward, and the drivers " pinched " 
tJl one of the crank pins is on its centre. 
lit should liere be observed, that instead of measuring the 
' lead directly from the valve and the edge of its port witli steam- 
chest bonnet off, it is customary after the vahe is scraped 
tto its scat, Ist, to place it so that on one side the steam poit is 
|0£ closed, and having made a centre punch hole on the face 
the stuffiug-ljox flange, place the small leg of tlie valve gauge 
Lit; with the other leg scribe a line on the valve-stem, on 
Kch line make another centre punch hole. 2nd, place the 
pe 80 that the opposite port is Jitst closed, and make a second 
B punch hole on the valve stem, as will be indit^ated by the 
[ve gauge, This gauge is made of a 
yil piece of square steel bent tlnis, Fig. 
and sharply ]iointed on the legs. 
i of these acuompauies each engine. 
% thus apparent that the engineer can 
I the case of the eccentric pulley slip- 
ig) readjust his valve with the proper 
lead without remo\iQg the steam-chest bonnet. 

The lead the valve now has is noted in the forward and back 
stroke ; if not equal, it is made so by adjusting the lengtli of 
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the valve stem, by turning the right and left nut, which connects 
its two parts, and then locking the check nuts. The forward 
eccentric pulley is then altered until it gives the required lead. 
This operation is perfonned on both sides of the engine until a 
perfectly " square " motion is obtained in forward gear. 

After tliis, the point at which the reversing lever lock bolt 
strikes the arches is carefully marked with a scriber, and the 
lever is thrown into full gear back. 

If, on trial, it appears that the motion is not a " square" one, 
it will be necessary to introduce a slip of sheet iron between the 
head of the backing eccentric rod and the eccentric strap ; then 
dniw tlie bolts tightly together. This slip should just equal in 
thickness half the difference between the leads. After this 
adjustment results in a "square" motion, tlie backing eccentric 
sliould be altered, until the same lead is produced in full gear 
back as was given in full gear forward. 

Having repeated this process on both valves, the arches should 
be marked. In orddr to insure perfect accuracy, the lead and 
" squareness " of the valve in forward motion should be re- 
examined, in order to guard against any disarrangement which 
may have <K*curixHl while adjusting the back motion. 

It now remains to mark the other " notches." These for a 
1>4" cylinder are usually 8", 10", 12", 16", 20", 22", and indicate 
the jK)ints of cut-off when the reversing lever is in either notch. 
They may be accurately described, by again attaching the con- 
necting rod to the driver and cross-head, then laying off the 
jHnnts inm\ the end i>f the strt^ke as 6ho^vn on the guides ; pinch- 
in*^ over the dri\er until the cr»ss-head mark corresponds with 
cither of these and drawing back the reversing lever nntil the 
wxheju^f clt*ses the jK>rt. At this jM>int, mark the arches and 
so (continue to obtain the other points. The centre notch will be 
found at the jx»int of bisei-tii»n of the arches between the two 
|>oints of shortest cut-i>ff. Finally slot the *^ notches " in the 
aix*lu's. 

It only remains to n\ridh/ attach the eccentric pulleys to the 
drixiniT axle. This is done by scribing the position of the 
feather i»n the pulley ril>s and the axle ; then sinking a f " square 
feather — J into the axle f* into the pulley, driving in solid. 
.\lso by lotting the points of tlie two steel f " set screws into the 
axle thnnigh each pulley. 
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REGULATORS. 
Governors. 

Elementary Principles. 

226. A comprehensive idea of the governors used in equaliz- 
ing the speed of steam engines, water wheels, etc., may best be 
had, at the outset, by considering the different principal ways 
in which they may be classified. 

In respect to the essential governing member of tlie con- 
trivance there are — 

1. Ball governors, the most familiar kind. 

2. Fan governors, in which the resistance of the air 
to an increased speed of revolving vanes, is made to diminish 
the steam passages. 

3. Oil governors, in which the increased velocity of 
a paddle wheel or propeller, working in oil is made to act to 
produce the same effect. 

In respect to the point at which the governor takes effect 
there are — 

I. Throttle governors, acting to close a valve in the steam 
pipe. 

II. Steam valve governors. 

'227. The popular idea of an engine governor is that it is a 
contrivance for rendering the speed of the engine uniform 
nnder a variable load. 

It w true, that it will maintain an unvar)'ing speed under a 
uniform load, and witli a uniform steam pressure ; and further- 
more, that it will maintain a uniform average speed under a 
uniform average load. But it will not maintain an unchanged 
speed, if the load be permanently increased or diminished, 
though it will, by virtue of the consequent diminution or in- 
crease, respectively, of the speed, so increase or diminish the 
steam supply delivered to the piston, as to make the alteration 
of speed by the alteration of load less than would naturally 
result without a governor. In other words, it holds the engine 
from " running away," as it is called, if the load be greatly 
diminished; prevents it from stopping, if the load be corre- 
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Bpondiiigly increased, and makes the speed more nearly, some- 
tiiues much more nearly, imiform, under a variable load, than it 
would be without one. 

228. Of the inliereixt defects in the simple hall governor^ and 
of the methode of overcoming them. 

Fig. 109 represents a sleleton ball governor, where the lowest 
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and hijjhost iv>>ii5ons are on the lines and 6. Band Care 
ti\i\l ivnntjs ^> that as the l^lls ri^^ a forked, or toothed 
top, at A, dopn^sses the valve V and closes the steam pipe. 
Nv>\v if the I^IU n^^* thrv^uirh equal heights for equal incre- 
u\outs of sjHwl, the \^ve wvnild be propi>rtionally ckised. Bat 
thov do ui^. i^u a^.\vimt of the greaiter lever arm whh whidi 
tho wvi^rht v^f the hall act? tc* depress the hall fn-^m its higher 

^i^i\ O'H "-if^l.Hi of neutraliiinir this defect is, to srive the 
\vA* *> A ji^lu n T^r«^^ of aotsou, as fiv^ni l:ne 4 to line 6, onlv, and 
a lr*iih \x^lvX^i;\, ^\v t>0 revoluiior.s to ;>0 t^f the engine, so as to 
Kiv;^ tV,ov*, :v. a h;c^ \v>^£:iv'v:l. Ther., as the entire are, thi\>iisfa 
\\ ;,uh ;V,o\ Aots ^^xn^rvWlK^ to a T\^rrIoAl dire^^ti.^i, eqnal incre- 
tr^cv,:^ ^^! \x\vv::v wiV, cVva^? the bsalls by nearly equal amounts. 

,1 A^». ^> rw^rv.^ v^f cv«aj>Ki55»:ioa is to balance the gov»- 
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' balls by a weighted ami, and ao to hang tlie governor 
J joiiittiti aniiB, that they remain iu a, borizfmtal j'lane, and all 
Wrk f>f fiftin^ them ceases, and tmly the reeistance of their 
Kitia to an increased velocity in their plane rcmains. 
I An example nf this oonstnictioii will presently he given. 
\ FinaMy. the principle of gradaatian^ iiaed in the cele- 
rated Judson governor's, haa been employed in connectiim 
with the first method of compensation jnst described. This 
principle consists in shaping the steam <>i>eningB, which are 
regulated by the governor valve, not as rectangles, but as a 
tapered fipening, so adjusted that equal increments of engine 
vehxMty will eanse the governor through rising by decreasing 
increments of height, to shut off equal successive area* of steam 

1 the governor lalve seat 
\ On the other hand, some governors abandon the ball regidator ; 
Uimples of such will be described presently. 
k 230, In regard, now, to the second classification (226). The ea- 
Witial id^a of the class of throtth governors is, to deliver to the 
Blitain, by means of a variable steam-pipe opening, and at each 
fnslant of each stroke, until cut off takes place, a pressure of 
steatn due to the work being Axfon at the instant, the point of 
cut-off being invariable, 

Wliatcver quantity of steam, more or less, ia thus delivered 
ti> the piston before cnt-off takes place, is used expansively after 
that point. 

Tlie esxential idea of the cut-off' ffovernor is, to cut off the 
steam supply, which is of constant pressure, coming thi-ough an 
11 J unvaried steam pipe opening, at such a point in each stroke 
■tf||at the total work of the steam for that stroke shall be equal 
^Kitbe resistance to be overcome during tliat stroke. 
^H^31. The failinrf case of the cut-off giyvemor, uvd its remedy. 
l^^-A cut-off governor is considered perfect, according to its sen- 
sitiveness, by which it may cut off at one-eighth, perhaps, of the 
II Btroke, or not at all. Now suppose the case of frequent, mid- 
tti, and !/reat clianges of load, as in a rolling-mill. In driinng 
Biempty rolls, it may therefore happen not very seldom that a 
ron may be fed to the rolls, just after an early cut-off 
fe taken place. In this case, the governor was a false prophet, 
knowing the future beyond the point of cut-off, but, 
«rtiieless, it must abide by its own doings, and no more 
1 can be had to do the work required, till the beginning of 
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the next stroke. But the difficulty is not necessarily a serious <ne, 
there being at least two i^emedies. First, to give out the steam 
power by quick strokes of a small cylinder, instead of slow strokes 
of a great one, so that the time before the steam will be ready to 
meet its work will be very short. Second, to provide a fly 
wheel, so heavy that its inertia will maintain a nearly uniform 
speed during the remainder of a single stroke. 

232. With the throttle governor, the fixed cut-oflF occurs so 
late, comparatively, that there is a much smaller chance that 
the foregoing conditions will happen ; so that a good throttle go- 
vernor, placed directly on the steam valve chest, so as to quickly 
deliver to the piston the proper pressure, is an excellent reg- 
ulator. 

Without further general explanations, we will proceed to de- 
scribe several governors ; chosen from among a series of them, 
only with reference to having them as different from each other 
as possible, and each the best of its class, so far as could be as- 
certained, having reference also to novelty. If space allowed, 
it would have been interesting to have illustrated the Sickel's 
and other marine cut-offs ; the Corliss and the Greene (of Pro- 
vidence, R. I.) variable cut-offs, and the Judson, Tremper, and 
Snow throttle governors. 



Example LXI. 
ChvhhucKs Fan Throttle Governor. 

Description, — Not many fan governors are made. This ap- 
pears strange, in view of the apparent simplicity and delicacy 
of some of them, and the inherent defects of the unbalanced 
ball governor. 

PI. XXX., Figs. 9-13, represent a very interesting one, the 
figures being nearly facsimiles of the sketches and measure- 
ments taken directly from a governor which was taken ajvart 
Fig. 9 is a side view ; Fig. 11 is an end view, looking in the 
direction of arrow q; and Fig. 12, one, looking in the direction 
of arrow r. 

A is a section of the driving pulley. B the end of a f " 
spindle, II ; solid with which is the spur wheel H. C is the hub 
of A, keyed to I, so as to turn the latter. JJ is a stationary 
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i-e, held hy the set screw c, in the gtaiidnnl KD. Tlie barrel, 
^'contains a coiled spring ; one end fast to the inner surface 
|E, the other, to the sleeve P, sohd with the sectur GGF, and 
tating (in sleeve JJ. Fixed to G, is the Btationan- spindle, o<>, 
i which the spnr wheel U revolves, loosely. The spindle, oo, 
3 carries the fan, not shown, whose anas are fixed to a sleeve, 
i sliding over oo, and solid with M- The fan carries four 
aimer-formed vanes, OJ uiches diameter, and whose ceuti-es 
k 7 inelies, fntm that of oo, Fig, 13, 
pThe geared sector, G, actuates the sector m, whieh carries the 
flpindle n of the wing valve, W, seated on the seat ^, The open- 
ing at N, iiovered hy the cop, Q, Fig. 10, affords access tti the valve, 
winch, when fully closed, comes edgewise against the sf/ud 
', i, Fig. 12. At L, steam enters from the boiler, and 
BOS tlirough the valve, and around ita seat, which forms a 
rtial partition within K ; and passes out at the opposite open- 
ly, B, lij the engine. 

' The parts on tlie valve spindle, ?i, are of brass. The others 
a iron. 

The "jieratit^n of this governor is as follows : The baiTel E, 
is held to the sleeve, J, by a set screw. It can therefore he 
tnmed, to coil the spring to any degree of tension. The spring 
^L also fastened to the sleeve P, carried by the sector, O, so that 
I tends to hold the valve W wide open,- and the more forcibly 
J, the tighter it is coiled. 

■On the other hand, if M were solid with G, its connection 
1 n would cause G to revolve about B as a centre. Hence, 
; in pri>iK>rt!on as M resists rotati<m, does each successive 
lius of it act as a rigid arm, attached to G, on which H acta 
[i revolve G about the centre B; while, when M tiims with 
rfect freedom on oo, no motion is imparted to G, Now see 
lat takes place in practice. If, by throwing off a pai-t of the load 
r the engine, its speed is increased, the wheels A, H, M. and 
Bice the fans, will revolve faster; and the i-esistance of the 
r to the increased velocity of the vanes will make M act as 
ribed, partially as if solid with G, so tliat G will turn ; and 
ttice, by tnming m., partially dose tJie valve, W, until the di- 
inished steam supply reduces the speed. 
But note : If the engine be designed to make a revolntions 
biinute, with a Kiad L, with the valve open to a certain 
hJunt, the spring will be bo set as to hold the valve atthi: 
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Opening, in epite <if the vanes, until that speed i» Httwned. 
then the speed be incre&sed, as euppoeed, tlie re^l^taiioe uf f 
lauee will be sufficient to overcome the tendency of tJio K 
to keep tlie valve oj)en, and it will be partly cloeed. Bvi I 
sjieedaan not thus be pertiinrtefttly Tt-dwyvi tv iti former t 
for at that rate, the valve must be o[>en a certuiu auiiniut, tj 
reasou of the mutual adjuetmeut of the qtriug, and fan, ■ 
rah-e. To nin at exactly the same speed with a lees load, ^ 
boiler prefigure must be rednced, or the hand valve in the s 
pipe must be partly closed, or tlie spring must be relaxed, I 
tJiat tlie fans will hold the valve at a given opening vltb I 
resistant effort, 

Coii8lrticti«n. — Thei three figures should be placed i 
side, with B, B, B, on the same horizontal line ; Fig. 11, to ll 
left, and Fig. 13 to the right of Fig. 9. 

Proper scales would be from oae-half to aab^fifih of the t 
size. 




KxAMTi.K LXn. 
The HuntoOTi, OH Throtth Governor, 
I>e8enj>tion.~S6e PI. XI., Fig. 3 and Fig. llfl! 
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lottei-e refer to like parts. A is a cylindrical re8er\-oir <>i oil, 
within which works a small common screw propeller B, whose 
axis, C, slides fi-oely in its beariugs DD. A Imig iiinion, E, 
is kejed to this axis, so as alwajs to be in gear with its 
dn'ver, F, whicli is of greater diameter. F is fast Ui the axis 
of the diiving pulley, G, which is driven bj a belt, tl is a 
lever, actuated by the moving axis C, and keyed to the axis 
JK, at one end of which is the lever KL, weighted with the 
movable weight, M. From J proceeds tlie succession nf levers 
JN, and OP, and their conneetiug link, NO ; by wliich the 
axis, QR, of the cylindrical valve, SS, is fiscillnted within its 
concentric scat in the case, UU, into which steam eiitei-s at R, 
and lea\ es at V, for the steam vhesl on which tlie governor 
should stand. 

Action. — Suppose an engine is to act at a cei-tain speed, 
under a certain average load. T^t's^, suppose that load iinifwm. 
Then a definite aggregate opening of all the rectangnlar ports, 
whose sections appear in T, will be required, to which a certain 
position of the lever, KL, corresponds. - 

Now, as the engine is bronght to the required speed, we find 
experimentally the position on the le\er of the weight If, in 
order that it shall be sustained by the action of the propeller, 
whose operation is as follows. As the propeller works in the 
oil reservoir, it strivee to propel the oil t^jwards tlie cud D, of 
the reservoir. There Irtuiig no free escape for the oil, its reae- 
tion drives the propeller and ita axis towards II, and thus shifts 
the lever 11, and raises KL, which turns tlie valve SS till the 
required opening is obtained, 

S&iojul. Suppose the load, or the steam pressure, variable. A 
momentary increase of velocity of the engine, under decrease 
of load or increase of pressure, will iiwtantly produce any reas- 
onahle required increase of velocity in the propellei-, by means 
nf auitabte proportions between G and the wheel which drives 
it, and between F and E. Then, as the resistance of fluids to 
motion through them is as the square of tlio velocity, or more, 
perhaps, the reaction against a slight iiicreafle in the velocity of 
B will instantly raise KL, and close the openings in T. The 
contrary effect will result from a sudden increase of load 
«r a decrease of pressure. If the load is to continue for some 
time, more or leas than before, the weight M must he shifted 
till, at the same speed as before, the valve opening shall be mvav. 
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or less also, to the extent required. And as the lever is moved 
l)ut a very short distance to close the ports T, ita angnlar move- 
mcnt, as indicated by the diflFerence of length of F and £, iftflo 
small for any given average load and speed, that it is raised 
with practically equal facility through all points of its small 
motion. 

Finally, when, in case of a nearly imiform load and pressure, 
the weight 11 need not be shifted, it is hung l)y a chain wrap- 
ping on a curved sector, of which KL is the ami or spoke. It 
will then rise and fall vertically. 

Con^fniction. — ^Xo measurements have been placed on the 
figures, since the governor is made of various sizes. If the 
diameter oi C l)e taken at 7^ inches, it may serve as a scale for 
the construction, and PL XL, Fig. 3, will afford all the data 
essential for transforming Fig. 110 into plans, elevations, and 
sections. 

Example LXIII. 

Wrigh£*8 Variable Cut-off hy the Governor. 

Descrij)tion. — See Fig. Ill, giving a general view of the 
front portion of the engine, and PL XXXI., Figs. 6-10, show- 
ing the governor, with plan enlarged. Fig. 8 is a smaller plan 
view, showing tlie valve-stems and their heads. 

The engine, to which this governor is attached, has a raruMe 
cut'fff^ and its connections with the governor are such, that the 
p«)int of cutting off steam is made automatically variable tf» snit 
the requirements of the machinery driven by the engine, there- 
l)y measuring out just the amount of steam necessary to meet 
any variations in the power required, which are constantly 
occurring in all engines used for manufacturing purposes. The 
indu(;tion valves, which are of the balance p)ppet kind, are 
arranged in separate chest«i, II, Fig. Ill, on the side of the 
cylinder, having a steam connection with the pipe cast with the 
cylinder. The engine has indej>endeM exhaitst vah^es in the 
bottom of the cylinder, which are brought as close as practicable 
to the end of the cylinder to obviate wast^ of steam in filling; 
the passages. These are slide-valves, worked by a rod taking 
hold of the valve from the underside, the rod being in die 
exhaust steam, thereby obviating the necessity of stnfiing^bcisEea 
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ID the live eteam, and they are worked with the minimum 
amoimt of frietiuD. The maximum pressure on these valves ia 
at the endfi of the stroke, and they are relieved of the pr^eure 




rpropordon to the expanBion of the steam in the cylinder dor- 
{the stroke. 
It may be the case with this class of engines, when used for 
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manufacturing purposes, that when they are working with a 
minimum amoimt of power, the cut-off takes place so eariy in 
the stroke as to reduce the pressure of steam down to the atmo- 
sphere before the stroke is completed. This involves a Iobb of 
power during the balance of the stroke by producing a partial 
vacuum on the steam side of the piston ; but by giving a dne 
lead to the exhaust, the valves prevent this vacuum, and the 
consequent loss of power; which result cannot be produced 
without an independent exhaust. 

Indeed, engines generally, with variable cut-offs, have inde- 
pendent exhaust-valves, as in the* CorlisSj Greene, and Putnam 
engines. 

Both the eduction and induction valves are worked from a 
horizontal shaft, parallel to the cylinder, and driven by spur and 
bevel gearing from the crank shaft. Cranks on this parallel 
shaft {^ctuate the exhaust valves transversely to the cylinder. 
The induction valves are opened in the direction of the arrows 
by a cam, F, on a hollow upright shaft, K, arranged in suitable 
fixed bearings between the heads, A,A, of the two valve-stems, 
d/i'. See also Fig. 8. The valves are closed to produce the 
cutting-off of the steam, by springs or by the pressure of the 
steam on the ends of their stems. The cam shaft, K, has a 
bevel gear at the bottom, through which it is driven by a bevel 
gear, G, on a horizontal shaft, H, which is arranged alongside 
the cylinder, and which derives motion through bevel gearing 
from the main shaft first mentioned. Fig. 7 shows a side eleva- 
tion of the gear and cam boxes S and R. 

The cam, F, is constructed with two pairs of sliding toes, t4\ 
and^/*,/", one pair for operating each valve, and as one of the 
toes for each valve operates during every half revolution of the 
shaft, K, the said shaft only makes one revolution for every tico 
revolutions of the crank shaft. The toes are cogged on their 
inner edges, as shown in plan, to gear with long straight cogs, 
n, on a spindle, N,N',X", which passes through the hollow main 
spindle, MM', of the governor, and which is so suspended from 
the governor at O as to be raised and lowered as the balls of 
the governor ri4te and fall. This spindle, N, has on its lower 
part a series of spiral cogs or threads, r, which fit and work like 
a many-threaded screw in a nut, P, formed or screwed within 
the lower part of the cam-shaft The Governor is driven by 
bevel gear, m,m' and g^q'j on the upper end of the shaft, K. 
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The spindle, N, rotatee with the cam-ehaft, and alwaje rotates 
at the same velocity, eo long as the speed of the engine and 
g<iYemoi- is invariable ; but, whenever the speed of the engine 
varies, and causes a variation in the plane of revolution of the 
Governor balls, the spindle, N, riees or falls, and in bo doing ia 
caused to turn independently of the cana-shaft by the longitu- 
dinal movement of the spiral coga or tlireads, r, in the nnt within 
the lower end of the said shaft. By that means, the said spin- 
dle is eaiised to turn within the cam-shaft, and in this way the 
straight cogs, n, on the said spindle, are made tr> act upon the 
cogs of the toes, tt', of the ciit-o£E cam, and thereby to produce 
a greater or less opening of the induction valves, and to expe- 
^^ r retard the closing or cnttiug-off movement, according to 

B requirements of the engine. 

e toes are ribbed on tlieir upper and under sides as seen 
Tlieee ribs guide the toes in and ont, horizontally, in the 
s aa and !i/>. See the arrows in the plan. 

Thus, the farther out the toes are thrown, by the rotation of 

B long pinion, consequent on the falling of the balls and the 
spindle, S", with the screw, rr, the wider will the valves be 
opened, and the longer they will stay open. 

Constntction. — By placing the figure lengthwise of the plate, 
or by making it on a folding plate it may be made on a scale 
i£ from tiiree-eightha \a Jive-eighths. 



EXASEPLE LXIV. 



Sahcock and Wihox Governor and Vari-alh Cut-off. 

VX^cription. — With this remarkable example of the present 

K>np, there are coupled, by way of a snmmary of information, 

riouB points concerning steam engines ; collected from de- 

iptive articles in several scientiiic periodicals. 

, tfoat of the features of modem steam engineering originated 

I, the fertile brain of James Watt, lie found the steam engine 

very crude state, and left it in quite as perfect a condition 

B;ceptJng only mechanical construction) as that of the ordinary 

B^^cs at the prescut time. He invented separate condenea- 

Won, expansion, st^am jacketing, superheating, and the gover- 

nt)r. The combination of the govenior with a cut-off valve 
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gear, was reserved to a later period, having first been pBb] 
ill the " Repertory of Patent Inventions" for 1S2C. aa thd 
vention of James Wliitelaw. Since then the steam engine I 
advanced by impruvemeut in details and construction, i 
than by the development of new principlee. 

The engine here\vith partly presented makes no pre 
to radical improvements in tlie principle of using steam e 
airely, but it embraces a novel, simple, and highly efEective ■ 
thod of operating and controlling tlie action of tlie valvec 
admitting and cutting off the steam. 

There is no necessity at the present day to argue the si 
ity of an engine regulated by a good cut-off, bo far ae cctHioJ 
(if fuel or regularity of speed are concerned. 

This engine has a novel conatructinn of the governor, by 
which the variation (228) due to the pendulum action of the 
ordinary governor is overcome, and a regulator pnxluced, wlij||| 
will give the same speed whetlier the engine be lightly or hes 
loaded, or the pressure of steam in the holler he greater or \ 
The governor, as invented by Watt, and adopted by j 
engineers with rare exceptions, gives only an approximati' 
equal speed, requiring a variation of from five to thirty J 
cent between the extremes of motion. This we have eeen. T 

In designing this engine, it has been the object not ouU 
introduce peculiar ideas and improvementa, bnt to comoj 
therewith all tli(«e features which long practice has pr<""ei 
be must conducive to economy of fuel, and the durability of all 
the working parts. The steam jacket has been much neglected 
in this country, though in almost universal use by the best en- 
gine makers of Enrupe ; and so little are its theory and ailrati- 
tages understood here, that often where it has been intnjiduced 
in this country it is filled with the exhaust steam, thus [ifu 
defeating the very object for which it was designed. Tlii«d 
gine is jacketed with live steam from the boiler, in both bol 
as well as aroimd the cylinders, thereby keeping the mett^ 
the cylinders as hot as the hottest steam which enters it. 

The valves which affect the distribution of the steam in J 
Bteam engine, are the most important part of tlui machiuft 
upon their properly performing their functions depends J 
efiiciency of the engine. They mnst not only admit, e 
ehut off, and close, at the proper periods, but they mnst be fl 
fectly tight when closed ; and, when open, admit the t 
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Eith tlie least pogeible resistance. They should also permit of 
eucb & relatioD to the cylinder aa to jpve the least pmcticahle 
lost space or clearauce. There are four distiuet varietiuB <^>f 
valves used for this purpose, viz, : the plug or cock, the pistou, 
the BCAt valve or poppet, and the elide. The first variety is 
never used now by competent engineers, having but one gixxl 
qnality, viz. : the eqiial pressure of steam on its sides, t*t balaiii:e 
its many bad features, such as leakages, sticking from expau- 
610M, and unequal wear. The pist^m valve is also nearly out of 
use owing to tlie lost space inherent in its ui instruction. The 
same <ibjection applies to the poppet valve, with the additional 
ones of great liability to leakage and inability to open and close 
fjuickly, from the fact that it opens immediately on starting, 
and is not closed until brought to rest It is impossible to start 
or stop the valve instantaneously; therefore the o\>ea'mg and 
closing must be correspondingly so slow as to be objectionable 
except on slow moving engines. 

The universal experience in this cnuntrj- and in Europe, is in 
favor of the slide valve for opening and closing the ports of all 
quick moving engines. It is simple and easily fitted, admits of 
the least lost B[)ace, opens and closes the ports with the quickest 
possible motion, and is the least liable to become leaky from 
use of any form of valve. Of the two fonns of slide valve the 
flat is preferable to the curved, from the greater facility <.>f au- 
cumte fitting, and the more equal wear of two planes as com- 
j>ared to inner and outer cylindrical surfaces. 

An important condition of equal wear in a slide valve, how- 
ever, is a constant travel. Where the induction valve is made 
also to act as a cut-off valve, as in a link muti<.>n, this conditinu 
cannot obtain, and as a consequence we find that such valves 
are more apt to leak. 

The adaptation of a cut-nff mechanism, to act in conjimction 
with a plain slide vahe, the latter to admit and exhaust tlie 
6team, and the former to close the port at any desired jx>iut in 
the stroke, has been a favorite pursuit of engineers for the past 
half century. Nine-tenths of all the expansion engines now 
built in Europe have some modification of this f*>rni iDf valve 
gear, and the engine f>f Messrs, Farcot & Sons, which received 
the Grand Prize at the late Paris Exposition, was of this class. 

One of the points in which the Babeock & Wilcox engine 
n those which have preceded it, is tlie manner iii 
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which the cut-off valves are operated, \iz, : by the action of the 
steam itself, independent entirely of the action of the main 
valve ; thns insuring an instantaneous, positive, and easily con- 
trolled cut-off, at any desired point in the stroke of the piston. 
The distribution of the steam to the alternate sides of the pis- 
ton, and its release from the cylinder when the stroke is com- 
pleted, are performed in the manner most approved by expe- 
rienced engineers, by means of a plain slide valve operated by 
the ordinary eccentric. But from the fact that the induction 
valve has in no case to act as a cut-off valve, and from the 
further fact that the cut-off is actuated independently of the 
motion of the main valve, the functions of " lead " and " cushion " 
can be adjusted to any desired degree, without in any manner 
affecting the action of the cut-off valve. This is an important 
distinction between the operation of the main valve of this en- 
gine, and of those which have preceded it. In the ordinary 
three-ported slide valve, or in any other arrangement where the 
several fimctions of leady cut-off, release, and compression, or 
closing the exhaust, are dependent on the motion of one eccen- 
tric, the " exhaust " functions — i. e., the release and compres- 
sion — must alwavs be subservient to the " steam " functions — «'. 
e,, the lead and suppression, or cut-off. The cut-off mechanism 
consists of two cut-off slides, a miniature steam cylinder, and a 
valve for controlling the admission of steam to the same. This 
small cylinder, being enveloped in the steam, requiring no 
packing, and having only the weight of its piston to produce 
wear, is, for all practical purposes, indestructible. The cut-off 
slides are always balanced when they move, consequently they 
ai*e not exposed to injurious wear. 

The bed or framing which has been adopted for the horizon- 
tal engines is of the form first introduced by Horatio Allen, of 
the Novelty Iron AVorks, Xew York. It is bolted to the end of 
the cylinder, and extends to the pillow-block, and the metal is 
8<^ disposed as to give the greatest rigidity with the least weight 
The cross-head is upright, and is supported on flat slides, a drip 
cup cast on the bed serving to catch all drippings, not only 
from the slides, but from all the stufling boxes. 

The regulator or governor is driven by gearing, thus avoiding 
all danger of breakage or slipping of belts, and the consequent 
damage to the engine and machinerj' from the " running away'* 
of the engine. 



KACHIHX OOHBTEUCnON AKD DBAWINp, 311 

In addition to the Bteam jacket for preBemiig tlie tempera- 
tare of the cylinder, a covering of felt ia employed around all 
the exposed parts, and this in turn is covered l>y a cafiing nf 
polished metal. The latter is tlie best possiljle protection 
against lo^ by radiation. 

PI. XSXII., Fig. 1, represents a hoi-izontal section of the 
cylinder and valves, on X'X' and YY', Fig. 2, showing the 
pecnliaritics of the cut-off motion. A is a cylinder, which is 
steam jacketed, as are also the heads, at aa. B is a {xirtion of 
the bed piece, which foi-me also the front head of the cylinder. 
C is the pistuu, and C the piston rod. D is the main valve, 
e« the induction porta, and F is the exhaust port, Tiie body 
of the valve is hollow, and w^nveys the exltaust steam, from 
either end of the cylinder, alternately, to the exhaust p<^>rt, F, 
whence it goes into the exhaust pipe. The steam passes through 
ports e' in each end of the valve, into the iuduction ports of the 
eylinder, alternately, && they are opened by the motion of the 
valve derived from an eccentric in the usual maimer. On the 
back of the valve, at each end, is a slide, G, which can be made 
to cover the port at that end, and these slides are attached to a 
piston IT, fitting in a small steam cylinder bi^ltcd to the back 
of the vahe, and so adjusted so that when the port in one end 
U»f the valve is closed the other is open. Upon steam being ad- 
mitted to either end of the piston H, the piston is shot over, 
md the correspmding slide closed, to cut off steam from that 
md of the main cylinder ; while tlie port at the other end of 

3 main valve is opened ready to admit steam to the other side 

' the main piston when tlie valve shall arrive at the proper 

sition, 

■ It will be obseried that the cut-off slides, G, are always bal- 
mced when moved. The one about to close having steam of 
^(juftl pressure upon each side; while the other one has been 
balanced by the main valve riding past tlie end of the valve 
face on the cylinder, thus admitting steam behind the slide, G. 
This condition obtains during the whole stroke of the piston 
nntil the steam is cut off, after which the cut-off slides G, re- 
muu stationary relatively to the main valve until ready to cut 
off steam on the return stroke, previously to which tliey have 
been balanced by the over-riding of the valve at the other end 
These slides experience, therefore, almost no wear, and, once fit- 
I ted tight, tliey will remwn so indefinitely. The piston H, in the 
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rnxmS crEodo-, is tiinied to fit, and has do packing, nc 
tfas rodi fitnffing boxe«, as the pr«Mure ie eqnal on I 
tBceeft during the inappreciable time which intorvenee t 
tike exbansting of the cylinder, I, and the movement < 
[Mrtoo. The only tendency to wear in these parts is dne to Ibe 
we^t of the piston and rods, which are supported on lai^ 
sorffeoes. In fact, after twenty miHiths constant use, nono o( 
Aeae parts hare worn sufficiently to obliterate the tool maria 
npoo the snrfaoes. 

Steam is admitted alternately to each end of the pistuit, U, 
at every revolntion of the engine, caosiog the cut-off elides to 
moTe at every stroke, cutting off the steam at the point dcte^ 
mined by the governor. 

Pig. 2 shows a cross section on XX. Tlie valve, A, J' of the 
cylinder, HH', is balanced by the plate, J, upon its back, and is 
(grated by a toe, t, upon the rock shaft, L, carried npoo the 
main valve, and extending through the end of the steam eheet 
where it receives motion from a erank, m, on a shaft, n, which 
is owillated by the governor. The eshanst ports, y, of the 
cylinder, I, are made npon the bottom, and are at a little dis- 
tance from the end, while the steam porta, ff, are npon the side 
and at the extreme end of the cylinder. By this arrangement 
the piston Looses it« own exhaust port, and cnshii'iis on the re- 
maining distance, thns dispenglng with all dash-pots or mir cneb- 
ions, and causing the valve to move without any noise. 

The valve, h, being balanced, and the md, L, carried throng 
im iitutling l>ox by the main valve, there is the least possible power 
nmnimd by the regulator to adjust the crank, m, thereby e&siir- 
iii)C more sensitive action than can be attained where the gor- 
prnor has labor to perform. 

The governor is peculiar, and is ehovm at Fig, 113. TTm 
Itnlla, N, are hung npon arms in the usual manner, whi<di arms 
HrP jointed at their npper ends to a head attached to the rod, o, 
whh^h slides within the hollow shaft, k, that drives the balls; 
llio motion being communicated through the radius nxU,j), 
wlilt'hare jointed at their lower ends to the gearing shaft, and at 
(hrfr iip[>er ends to the centre of the arms, n. The rods,/;, are 
|i«tlf the length of the arms, n, measuring from the centre of ti 
ball, a'i'l it will be readily seen that, in eonseqnenite of t" 
«i'«iigtiin(int, the arms, n, and roda,^, form a parallel moti, 
,.,.] ....iiijHil the balls to move outward in a horizontal plane..! 
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In the ordinary pendulam governor, the balk move iu the 
arc of a circle, and rise as they extend. It therefore requires 
an increased speed to maintain thera in their advanced position. 
The engine mttst consequently run faster when the load is light 
than when it ia heavy, and euch U the case vyitk all ordinary 
gtyvemors (23S). In this improved governor, it will be seen 
that the gravity of the balls has no tendency to move them in 
either direction, and exerts no influence whatever upi'm the 
Bpeed of the engine. The eenti-ifugal force causes them to di- 
verge, and a weight, W, tends to bring them towards tlio abaft. 
When, therefore, these two forces are in equilibrium, the balls 
will remainin the same position; but, as either preponderates, they 
are moved in a corresponding manner, thua affecting the speed 
of the engine by varying the amount of cutnjff. The weight, 
W, is supported upon a bent lever, I, which is so proportioned, 
that the centrifugal force, at any given speed, will just balance 
the weight in all positions. The speed of the engine will, 
therefore, remain at that fixed point with all variatiouB of load 
or pressure of steam ; for any increase or diminution will cause 
ther the balls or weight to preponderate, and the p".>int of cut- 
F to be changed, until the speed is again brought to the 
tndard where the two forces are in equilibrium. 
kAjiy desired speed for a given load, can be obtained by 
taring the weight, W, and the action of the governor will 
e perfect in one case as in any other. A spiral on tlie rod, 
I serves to advance or retire the crank, m, relatively to the 
a crank, so as to cause the cut-off f> occur earlier or later in 
B stroke, as the balls diverge or converge ; and the amount of 
I adjustment is such that the cut-off may be varied from 
B eighth, of tlie stroke, to the end of the stroke, 
The Balanced Governor is a radical improvement. The 
Hcee of the old governor are, that the extension of the revolv- 
ing balls (by which the steam supply is shortened or lengthened 
aa tlie speed is accelerated or checked) is resisted by their 
weights at a progressive leverage, and fails to represent truly 
the changes of siieed: and, secondly, that a given force of steam 
can only be had at a given speed, — because a given posi- 
tion of the balls determines a certain opening of the governor 
valve, — whatever the load may demand, so that if the load is 
much lightened the steam ia shortened only by running at a 
~ igh speed, or if the load is heavily increased, the engiuo must 
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mn slow to get steam to meet it — exc^t as Teguliii«l Jjr Jbwl 
The balls uf tlie new g^ncnmr liave u<')thHi^ of the pen* 
dulum diameter, but extend iti a )iuri»jiital plane, with eqnl 
ease at either extreme of their uecillatiun, faithfully repn- 
seiitinir all the iliictiiati'>nB of the 
8]>eeJ. Their centrifugal tendencr, 
at the speed intended to he mun- 
taiued, is accnrately connteifa^ 
aneed by a weight, drawing diem 
inward with a pn^^reasive levenge 
resiwnidiiig to every change id th«r 
]>osition and force. Thecunsequeiice 
isthatwlongaBthe preseribed speed 
ie maintained, the position of tits 
balls id independent of the speed ; 
they revolve far in or far out, indif- 
fei-ently, so as to give steam acond- 
ing to the wants of the load, vith 
one and the same speed in all cues. 
If a L-liange is made in the lokd, 
the speed for the moment saSfai 
L-liangc, the eqiiilibrinni of forces 
in t)ic balls is disturbed, and the 
j>rep(>n derating fi>roe [ila<^>s the au- 
re&isting balls instantly in the pro- 
per {Htiitiou to meet the new de- 
mand for Btcani ; and there thejf 
stay (tlic speed being righted and 
etpiilibrium thus restored) tintil an- 
other change of hmd sunnnoiu them 
to a new jKeition. The simple mechanism, by wliicli the 
regulation of steam is i)erfected in this governor, will repay a 
more particular examination. 

Comtruction. — The student can profitably make Plate 
XXXIT. on donble the present scale, or from one;^t*rtA to (MM- 
aixth of the full size. 




Indicator I>iagrams. 

233. The only means we hare of tracing the acdcm of du 
Bteam within the cylinder — the time and rapidity of its entnuin^ 
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the point of cut-off, its actioii ia exi>aiidiiig, the time of release, 
tlie amount of back pressure, compreseiou, etc. — is by diagrams 
iji-awni by an "ludicator," — au instmraent actuated by the pi-ea- 
fiui'e of the steam aiid tlie motion of the piston. Tbose two 
m(itic)ii8, acting at right angles, produce a curve which indicates 
the exact pretsni-e ut steam at each portion of the stroke of the 
piston, in and out. The line thus drawn, during a complete 
revolution of the eugine, enclisea an irregular figure, the shape 
of wliich varies with everj- different condition in the elements 
which form it, and by it wc are enabled, not tmlj to determine 
the actual power exerted by the steam, but also the relative per- 
fection of the valve motion, aud the effect of different propor- 
tions between the piston aud passages. 

The impoitaiice of the Indicator as a ineana of studying the 
action of any given engine, aud of comparing the relative values 
of different constructions and proportions, tlmuj^h known from 
the time of Watt, has but recently been fully appreciated by 
engineers; and, in fact, not until within a very few years has 
there been an instrument manufactured, tapable of being used 
ivith any satisfactory degi-ee of accuracy upon the quick moving 
engines now employed for most stationary purposes. To its 
employment the world is indebted for its most satisfactory 
practical knowledge of the action of steam, aud the best means 
of obtaining the highest economical results. 

But in order to compare one engine with another, they should 
be in precisely similar circumstances. As, however, this rarely 
occurs, it is necesiiary to have some standard by which all en- 
dues may be compared and their relative performance deter- 
mined. The best means for doing this is to coinpai'e each en- 
gine «-ith a theoretically perfect engine of the same size under 
the same circumstances. 

The expansion of steam follows certain laws, and the quan- 
tity of steam being known, as well a« the space which it occu- 
pies, it is possible to tell the correct pressure for each variation 
in the space occupied. A curve can thus be calculated which 
is of hyperbolic form, and which will give a diagram of the 
theoretical action of a given amount of steam in a given size of 
cyliuder. The diagrams taken from any eugine may tlius be 
compared with a theoretical diagram,,/^/' the same quantity of 
aUam used in the same sized cylinder, and the ratio existiug 
between the actual and the theoretical diagrams will serve as a 
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measure of the perfection of the engine and valve meduu- 
ism. 

Fur the illiutration of this subject, aeveral diagnms follow, 
which have been taken from different engines, with the tbeon- 
tical diagram, for each case, the latter allowing for no 
from any source. It is imposBible to constnict an engine Is^ 
which there shall be no loea from friction of the eteam in tlie 
pipes and paesages, or from clearanc& 

In these diagrams, the highest line, AB, represents the 
sore of steam in the bcnler, and, with the exception of 
from oondensing engines, the loweet line, CD, that of 
Bjdkerie preeenre. The scale marked upon each diagram 
fraction of an inch which represents one pound of steam 
sure in the vertiad lines of the diagram. The horizontal 
of the diagram represents the length of stroke of the engim^' 
an amount of space at the end (exterior to the heavy 
which is called the "clearance," and represents, in the 
scale aa the stroke, the amount of space included betwi 
end of the cylinder and the piston at the extreme of 
the latter, and also the contents of the passage ways. It 
seen that the length of stroke is represented by no paitii 
scale, but each of the divisions is one-tenth of the full si 
The ?i6avy outline is the diagram formed by the indicator, aad 
represents truly the pressure in the cylinder at each fraction of 
the motion of the piston. 'Wliere the line commencea to fill 
abruptly, as at F, is the " point of cut-off," and shows the pop- 
tion of the stroke in which the steam is admitted. During dM 
remainder of the stroke, the steam expands, reducing the '^' 
sure, and forming a curve, called the "expansion curve." 
or just before, the end of the stroke, the steam is released, 
" exhaust " commences. The retaming line shows, by its 
tance from the base line, the amount of " back pressure." In 
properly constmcted engine, the exhaust doses a little befora 
the termination of the return stroke, thus confining the reowitt* 
ing steam, compressing it, and forming a " cushiuu " to stop 
momentum of die piston, and prepare it for the retura st 
This is shown by the rounding of the comer and the 
the pressure at the temmiation of the stroke. 

lie dotted outline represents the theoretical powo- odt 
amount of steam exhausted from the cylinder in each ~ 
when used in a cylinder of the same size, with no Iomoi hMk 
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friction in the pasgagef. baek-preaaiire. or clearance. The pro- 
portion of the area of the actual to the theoretical diagram re- 
presents the relative ei^ciency of the given engine, and is stated 
in percentage of the theoretical efficiency in connection with 
each individual diagram. 
Nos. 1 and 3 were taken from a 13-inch en^ne, 8 feet stroke, 




making 64 revolutions. In No. 1 the sctnal ib 89 per cent, of 
tiie theoretical diagram, and in No. 2, 82 per cent. The losses 
in this caee are due to the friction of the steam in the pipe and 
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Ko. e waa taken from a condensing steam engine, fitted witli'" 
poppet valves, actnated by toes, and shows 711 per cent, of the 
theoretical effect. 
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EXAICFLB LXV. ■ 

T^t Pvtnam MackitH Oo.'> rarMhle Cut^^. 1 

/)«c„>hon.— PL XTI., Figft. 11, 13. tel tbe observer btV 
8npp<wed to t>e fncing the fnwt end ^>f the c>'1mder of a bori- 
■outul en^'iie. with lf>e Etcain cbei^ on what wilt then be the 
rij*t hand side of the cylinder In this chert are the i»oppet 
vaKeti oiwniujj upward ; and the parts shown in the figure will 
be under tlie steani dteet 

Aba $^-ti(>n of the cam shaft, mured br gearing on tbe 
main shaft, and Ij-ing pardlel to the cylinder. 

Tlie manner of lifting the valves U designed to '.vrn-TOe all 
ahiwk iu their rising and falling. Tbe actnal constniction v»> 
rte« eouiewhat, but Uw prim-ipU* is shown in the figure. The 
cam BhJlf^ ID this case, has ibo same angular velocity as the en- 
gine iihaft, and when o-muwied a^ sh...wn in Fig. 11. b adapted 
for Utye engines. The anxiliarr lever, D. baa a b<>iixnntal and 
vertical uM>tii«a. the coner. 7. deecrihing aeariy a semicjnila 
and retnming on the diameter, operating against the lever, B, to 
raise the valve, the p>«itit^>n of the fnlcnim ftf B being under 

spindle iwoillaies the lever. F, by mmm of an ann, keyed to ^ I 
or in any i-ouveaient ntaaner; and thus determines a-fccn ihiM 


1 

1 



KAOHIKE OOireTHCCnOK AHD DBAWINO. 



321 



corner, 7, shall pass the comer 8, and thus let go of tlie valve ; 
wMch will then drop to its seat. The lever as in Fig. 11, is 
operated hy a double cam — GE, Fig, 12 — the part e of the 
lever rests upon the G part of the cam, during the entire revcK 
lutioD, while the lever receives horizontal motion from the ec- 
centric E, acting against the etraight sides, ma, of the opening 
of the lever within which it plays. It will be observed that the 
comer, 7, aever falls below the under side of the lever B, but 
slides along in contact with it. 




Example LXVL 



Th^ Rider CuU>ff. 



Descnption. — Fig. 113 clearly illnstrates this novel and sim- 
ple variable cut-off, with the valve cheat removed. The rise 
and fall of the governor spindle is made to rotate the obliquely 
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truncated half -cylindrical cut-off valve, CO, and its stem, T, by 
means of an arm from T ; or a toothed sector, gearing with a 
rack, fonned by teeth on the lower end of the governor spiudle. 
The angular position of the valve thus determines the time of 
cutting off steam from the oblique ports, seen in the main slide 
valve. These ports pass spirally through the valve, SS, so that 
on its plane under side they are rectangular and perpendicular 
to the axis of the steam cylinder in the usual way. 

Consfni€tio?u — After the practice from measurements, which 
the student has thus far had, it will be sufficient to assume them 
for this example. As a key to the relative position of the piston 
and the two valves, in making a section as in PL IV., Fig. 1, note 
that when the piston is at either end of its stroke, the main valve, 
having no lap, is exactly at midstroke, except by the amount of 
the lead ; and the cut-off valve is in a position to have the port 
on top of the main valve wide open. Also, the main valve hav- 
ing no lap, its travel need be but twice the width of its steam 
port. 

The following more definite data from a model, will serve as 
well as if from actual practice, for the purpose of locating the 
eccentrics, and thence the position of both valves, for any piston 
position. They are all in 60ths of an inch. 

Stroke of piston = 168. Width of steam ports, 8}. Da orer sU the ports, 43. 
Travel of main valve, constant = 17, = 8^ eaoh waj from midstroke. 
** cut-off " *' = 21. = lOi '* " '' 

*^ '' cut-off ^' on main valve 13, = 6^ " of centre of cat-off from 

centre of main valve. 

These half travels. Si and lOJ, give the throws of the eccen- 
trics ; and then the last item will show what angle they should 
make ^dth each other. 



EXAHPLE LXViL 

Sm^ and Wa/^*s Wdf^r- Wheel Governor. 

J}e^^jitwn. PI. XXXrr., and Fig. 114. In the plate, Pig. 
1 repre^nts a sectional elevation of the governor. Fig. 2 is a 
sectivmal plan, on the plane xx. Fig. 3 shows a separate view 
of the stojvplate which i >|K^rates to detach the pawls, LL'. 

Like letters indicate like parts on all the figores. A is the 
KhI. B is the frame, C is the g^>venior head. D, the governor 
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iIIh, and E, tlie governor spindle. F is a band pulley, by which 

the governor is riitated through the action of the bevel gears, 

G and H, &3 showni on Fig. 1 14. I is a fraiii&— or bar. Fig. 

.4 — eliding on the bed, and moved by the eeueiitric, J, on the 

idle, E, by means of the rod, K. 

This frame, I, is provided with four pawls, LL' — two only in 

114^— which engage with the ratchet wheel, M, through the 

procating motion of the frame, or bar, I. The pawU LL 

the wheel M in one direction, and the pawls L'L' turn it in 

opposite direction ; but they engage with M only when 

is a variation in the sjieed of the guvemor. N is a shield 

the ehaft, or spindle, O, to which shaft the ratchet M is 

led. 

The shield N extends in the form of giiard-plat«s, P — the 

centric shell segment, M', in Fig. 114 — which so cover some 

tlie teeth of M, as to prevent the pawls from engaging with 

M, except when oi>ening or closing tlie water-wheel gate by the 

action of the bevel gears, Q, Fig. 114. The positions of N and 

P are controlled by the governor. 

The vertical motion of the governor spindle, E, is transmitted 
the grooved thimble, R, through the forked bell-crank, S, 
lillatSng on the shaft, T, and through the rod, U, to the shield 
N ; which is thus made to oscillate on the shaft O, and to vary 
the position of the guards, P. 

The pawls arekept in contact with the guards, when not engaged 
with H, by means of the small springs, V, attached to the studs, 
W, aa shown. X is the stop, which consistu of a bar in which the 
shaft, O, works by a screw thread, so that the rotation of O 
carries X in the direction of the length of O. 

As the wheel M is turned, X will finally be brought to the 
Bhonlder on the screw-sluift, O ; and then the water gate will be 
":ly open, and the st^p, X, wilt turn with the wheel M ; ita 
ition being limited, however, by the stud X'. The pin, y, in 
bar, X, will be in contact with the pin, s, in the shield N, 
td will hold the latter, with tlie guards, P, in such a position 
to prevent the pawls, L, L', from engaging with M. At the 
le time, the governor, by the action of its varied velocity 
putting the guards, P, out of the way of the pawls, LL', is 

free to close the water gate as may be required. 
Fig. 3, ^, shows a plate which turns on tlie shaft O, and, by 
ma of the roil,/', may be made to disengage the pawls from the 
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ratchet n'heel M, when it is deaire<l U> close the gate b 

wheel Y. The pkte, O, is recesaed u at a'a\ to allow the pawb 

to engage with M at other times. 



a by the luaf^^ 




The Wheel IL maT be boriaaiUal, as in tbo plate, or T 
as in Fi^. 114, and witli two or foorpavle. 

(>;vrafM>M. — Wlieii the wBtei^wbeel Rrolrn tooelow^, |j 
balk fall. E rise^ S swinge to d» right, L' is let iato tibe li 
of M. and tans it b« I laalaM lb stnilce to tfas laf^ to m I 
•fMtlwgatv. 

\<nMtt dM wator-wlml ramhw too be^ die bsBi tite^ ] 
&n«,6 flri^i to dta lef^L ia ogaged v^tlie leediof X 
and aetaalos il dariag &e Mrcfce of I to Aa t%t]t^ w ■■ to diMi 
At^Me; I btt&g caaataadr aotaaled back and forA bydia 



vf pattt^ dinnst pwyntMM* to sbr driKfmi c 
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T PI. XXXIV. can be determined by assuming the balls D tc 
be four inchee in diameter. 

With a little care, especially where an example of tLe govei^ 
DOT is accessible, Fig. Hi can be transformed into plans and 
elevatiiins. Alao an end elevation could be added to PI. 
XXXIV. In the elevation the top of the bed. A, and the 
centre lines of E and O, will be convenient lines of reference 
to work from ; and in the plan, a line joining the centres of O 
and E will be a useful line of reference. 
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HODUI.ATORS. 

Example LXVIIL 
Compound Speed and Feed Motiorts. 



Among compound modulators forming trains of mechaniBm, 
J'eed tnotions may first be mentioned. 

The utmost number of plates being now full, the skeleton, 
Fig. 115, may represent, in plan, the feed movement of a grand 
shaping machine by the celebrated Joseph Whit worth, of Man- 
chester, Eng., for finislmig np propeller blades. F is a tapering 
*' mandril" so made for the purjiose of taking up all wear, by 
elipping it further Into its bearings, so that it will revolve with- 
out play in its bearings, orjourimls, at F and F ; whose massive 
common support is called a headstock. FL is the radius of the 
circular face-plate, the many rectangular holes in which allow 
work to be clamped to it in any position. FM, FX, and FO are 
tiiree concentric spur-toothed rings, bolted to the back of the 
face-plate, to allow it to be driven at various speeds. P is the 
uid pulley, from which all parts take motion, and which may 
p uttached to either of the other speed shafts, 1, 2, or 3. The 
nr wheel, R, sUding by a feather in a longitudinal groove in 
B Bhaft Pff, may thus be in or out of gear with the spur-wheel 
\f on the shaft 1 ; which, by a pinion, b, at M, carries the face- 
Pinion T is on the same hnb, or " hosa" with S, and is 
bgear with U on shaft 2. Now U can be put in gear with 
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: -ae :7iiiiLiiL X. zo isear with O i<x 
\z .3 .Tnt-yftar HseetL Shaft 2, carnring 
.r ^ rmiii'ii T. Ji ^jear with whet^ Z. on 

siC -vna y. ^ves die intermediate 
ncijL ' • n. -narr u Ji:diig with ring FK 
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^TWtL Tbse shaft Ty is supported by fnterme- 
i^ »• ia.«i one on the standard yj where it carries 
h jc^itrs into ^, which turns loosely on a 
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fixed Btud h\ and gears with i on the screw shaft y. At m m, 
are guides, on which slides the great slide rest n, by the work- 
ing of the revolving screw y, in the long fixed nut <?, on the 
under side of n. 

This pai*t of the movement advances the tool, t^ against the 
propeller blade B, according to the pitch of the latter, as the 
face-plate revolves. 

Again : a bevel pinion j?' with a long feathered boss, on P^, 
revolving with Py, moves another pinion^, on the axis of which 
is r, gearing with «, loose on a stud, and so driving a larger 
wheel, c, not shovm, on the screw shaft, u^ which, by working 
through the slide v^ gives transverse motion to the tool, to enable 
it to make its concentric parings from the blade B. 

Wheel q, by gearing with a pinion on the shaft of «, then put 
in gear with c, will give a quicker ti-ans verse feed. 

Various sets of the wheels ^, A, and i, provide for different 
pitches of the screw to be trimmed. 

Construction, — This example, by the very rude illustration 
given of it, may serve, more fully than any previous one, as 
one in mechanical design. 



Example LXIX. 
WhitwortKs Quick Return Motion. 

Description. — Quick return motions are contrivances for with- 
drawing a tool across the surface of its work for a new cut, 
faster than it worlcs in making a cut, so as to save a part of the 
time in which it is idle. ^ 

PI. XXXI., Fig. 11, shows a very ingenious and admired 
form of quick return, for a shaping machine ; that is, a planing 
machine for irregular, or curved work. An arm at A, takes 
hold of the stock, which carries the cutting tool, and leads it 
back and forth, as actuated by the connecting-rod, G, proceed- 
ing from the crank-pin, H ; whose distance from the fixed 
centre of motion, O, is adjustable. H is clamped in the radial 
groove of the crank piece, I, which is carried by the spur-wheel 
J, which revolves in the very stout bearings YJc. This being 
hollow, as shown by the dotted circles, K and ^, the spindle, C, 
of the crank piece, I, passes through it. There is a radial slot 
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ill that side of I which reste agsinst J, and in the i 
Eide of the wheel J jb a pin, L, carried in tlie gquare biuh t 
which slidee ia thiselot. The pin, L, witli its hu^li, D, im 
the motion of J to I. Now LO ig a lixed dietauuc, and eo u ' 
hut LC ie ^;ariable, being now = LO — 00 ; but when L ia d 
tlie oppoeite side of O, we shall have LC = LO -f OCL 
this variable distance of L, from the centre of motion, C, of tl 
i-rank, mitkes tlie return motion, in the sense of the arrow, qoicl 
and the advance motion, when LC = LO + OC slow. 

C'oiwfruifuin.—Thh example may well be draws twioQ | 
large ae in the figure. 




F tavp ik LXX. 
M<uon'$ Friction PxtUeys and Couplings or Ctut^tet. 

J)M(yrij>twn. — In the above cat, the friction pnlley idicnni, 
Ifillii'ilii <<f tbe two main parte, the hxise pulley B, and the shaft 
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A, on which h kejed the part aecund, which consists of a plate 
or disk, D, and two segraenta, EE, and the sliding sleeve or 
thimble, F. The two Begments, EE, are fitted to elide radially 
on the face of the disk, between ribs or guides, cast on the 
plate DD, and are operated by means of the adjiietable toggle 
jiiints shown. It will be Been that when the thimble, F, is 
moved towards the plate, the segments EE are forced outwards 
in contact with the inside of the pulley A, thereby producing 
friction between the two surfaces sufficient to drive the ma- 
chinery to which it is applied. The ball and socket joint used, 
is more plainly seen in the tigures 117 and 119 of the friction 
coupling, shown by the letters e,f, and g. 

Belt£ running over the friction pulleys will run much longer 
without necessity of tightening, than when they are constantly 
ebipped from one pulley to another. 

In some cases friction pulleys may be placed on the main line 
and used to stop and start machines driven directly from the 
main line. 

Method of Ai^uating the Frtction. 

The friction pressure may be nicely adjusted, by placing the 
centres of the segments in a horizontal position, and then tak- 
ing two strips of stiff paper, and placing one strip between the 
centre of each segment and the iiieide of the pulley, when un. 
shipped, then slowly ship the thimble towards the plate, and 
note which strip of paper tightens first ; the adjustment is then 
easily effected by screwing the connecting arms out or in until 
the pressure is alike on eat-h segment, and sufticieut to drive 
without slipping ; then tighten the check-nuts, FF, firmly 
against the joint to prevent the screw from loosening. Care 
should be taken not to set out too hard, so as not to prevent the 
thimble from always shipping up closely against the plate, as 
the joints are so arranged that the centres of the joints of the 
thimble will just pass by a line drawn through the centres of 
the joints of ttie segments, thereby holding itself in when the 
thimble is fully shipped up against the plate. 

This adjustment should always be attended to by a good 
mechanic, on the first starting up, as when properly adjusted 
they will generally run one and two years, and often longer, 
.vi^iout any readjusting. 
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iher. The segmente of this fi-iction coupling, have a V, or 
wedge form, by which a veiy powerful fi-ictioii is produced, for 
coimecting heavy ehafting and gearing. 
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Fig. 118 shows the slides or riha on the plate, also, the ball 
joint and screw and check nuts, and T joints of the thimble, in 
tlieir relative positions. 




I Fig. 110 ahowB one method of applying the friction for start- 
7 and stopping gears, as used for force pumps, grinding mills 
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and other machineiy, which can by this method be dimn 
directlj from the main fihafdng; stopping both gears when 
the friction is unshipped. Bj this method, there is no dounget 
of breaking the gear teeth an starting^ mar any naoesrity for 
docking epeedj on starting anj machinery which they may be 
employed to drive ; as, in case of sndden nnnsnal strain bdng 
brought on the machine, the friction may be so adjustied as to 
slip a trifle, thereby saving the breaking of shafts or teeth of 
gears. In cases of fires in factories, force pumps have fre- 
quently been disabled and rendered useless by tiie breaking 
down of the gears or shafts ; and, in places where Jirictions are 
not in use, it is necessaiy to stop the engine, or water wheel, 
before the pump gear can be thrown in ; while by the use of 
friction, any force pump can be started up promptly in case of 
fire, without stopping or hindering the motive power. 

These friction clutches are also very useful for hoisting, as at 
coal, copper and gold mines, and in tunnel shafts and rolling 
nulls, and have been furnished for use at a number of different 
copper mines in Chili, South America and elsewhere. They are 
applied between the engine and large winding drum, for revers- 
ing the motion of the drum, which they accomplish in the most 
perfect manner. Among the largest yet made are two em- 
ployed to reverse the motion of heavy rc^ for rolling sheet 
lead. The two weighed about five thousand eight hundred 
pounds, yet are light in comparison with the pcmderoos gears to 
which they are applied. By simply working the lever the power 
is arrested or transmitted in either direction almost instanta* 
neously, without any shock or noise« or slacking speed of engine. 
They transmit sixty horse power, and are shipp^ jnobably two 
hundred times dailv. 



Example T^XTT, 
Severeing Gear /or the Compound ScOing-MUl Engine. 

I/eeeripiion. — ^PL XT., fig. 3. In this figure, the plan was 
improvised from a given elevation, only, but will answer to 
illustrate the character of the movement, and as a basis, frcmi 
which the student can proceed to make modifications. 

SS' is the main shaft, on which is mounted, loosely, the 
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ientric, EE', solid with the bevel wheel, GG' ; the collar, 
CO', and the Bleeve, A A ', which slides on the long featlierj^. 
CC and AA' revolve with the shaft, by reaaon of the feather, 
aud EG' — E'G' revolves by reason of the hold which the teeth 
of the bevel sectors IX' and FF' have upon GG'. 

To reverse the engine, it is only necessary to revolve the com- 
mon eccentric, EE', of the three valves, upon the shkft. For 
this purpose, RR' is a loose ring on the sleeve, AA'. By operat- 
ing a handle which proceeds from it, either by hand, or by 
power, AA' is shifted to the right or left, and thence the arms, 
aa\ and W, rotate the bevel sectors, which will rotate GG' as 
desired. These arms are centred on the studs, oc', and dd\ on 
the sleeve, and the sectors are centred at gg on studs on the 
collar OC. 

Vonstructv>n.—ljb\, this figure be made on a scale of one- 
twelfth, and with the sectors in sonie other relative position, so 
that the anna am' and hV will not be parallel. Also some at 
least, of the teeth on the sectors can be added, and an end view 
made. 

t33. Etca^^niffnts are of comparatively small immediate in- 
8t to the civil or mechanical engineer, as such ; but are 
insicaliy attractive, on account of the refined ingenuity of 
iMc.r design, and by association with astronomical clocks ; cer- 
tain uses of which in engineering practical astronomy, the engi- 
neer should be acquainted with. Eacapementfl are also indi- 
rectly interesting to the engineer as forming a part of some of 
the dividing engines, by which the degree circles of hia field 
instruments are graduated. 

Escapements are, finally, interesting as being the only means 
within the range of pure mechamam, that is by motion only, 
without employing inertia as in case of a fly-wheel carrying a 
crank over its " centre," for converting rotary into reciprocating 
motion. 

A few examples therefore are here given ; aa a proper con- 
I ' olnsion of this work, with the most refined constmctioiiB that 
u be fonnd. 



Escajpeinents. 
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Example LXXII. 
JBoncPs Escapement^ No. 2. 

Description. — What follows is in the words of the inventof 
and makers. 

" In giving the description of my Isodynamic Escapement, 
Ko. 2, it will be necessary, in order to explain its advantages 
fully, to give some account of those now in use, and of the ob- 
stacles still remaining to be overcome in order to obtain one 
that is perfectly exact 

^' The advantages to be derived from the possession of a clock 
of perfect accuracy (were such a thing possible), could hardly be 
over-estimated. The science of astronomy, in particular, would 
receive important benefit from such an instrument. But as no 
timekeeper has ever yet been constructed that could be relied 
upon as being absolutely free from error, it is evident that there 
is still room for improvement. The sources of irregularity 
have long engaged the attention of many able scientific investi- 
gators, and very numerous contrivances for counteracting them 
have been suggested. These remarks refer, of course, only to 
such timekeepers as have the pendulum for their regulator, and 
indeed, no other natural principle is practically so well adapted 
to produce regularity. 

" The end to be attained is, to keep the pendulum vibrating al- 
ways in the same aro, always encountering the same amount of 
resistance, and of motive power. 

" The principal errors may be divided into two classes, those 
arising fn>m the mechanical intervention necessary to maintain 
the vibratorj' motion of the pendulum, and those arising from 
such causes as would still affect it, provided its vibration could 
be maintained by a uniform force ; for instance, changes of 
the themometer, barometer and hygrometer, magnetic influm- 
ces, and, ti) a slight degree, the position of the moon. By far 
tlie most important of these errors are those arising from the 
friction influencing the pendulum through the escapement, as 
they are of such a nature as renders it almost impossible to 
ascertain beforehand what their influence will be, while the 
residuarv errors of the second class are not onlv smaller in 
amount^ but can, by close and accurate observation, be tabulated 
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Bud the corrections applied. It is the first class, tlierefore, of 
errors, that it is most im[jortaiit to remedy, and the power 
of doing this lies ahnost entirely in diminishing, or ^utiiizing^ 
the friction of the eecapement. The mere diinininhin/f of tlie 
fric^fion is not the only, or even the prinpipal desideratum in 
ench improvement ; the er/tufiizinff of the force is of far more 
couBetpiencc, as is sufficiently proved by the single instance of 
le deservedly high position wliich Graham's escapement has 
long maintained, notwithstanding the great amount of fric- 
tion which it involves. One reason of its superiority to many 
others which boast far leee actual friction, is its principle of 
compensating a slightly varying power upon the pallets, by a 
corresponding variation in the arc described by the pendulum ; 
this has given it its practical utility. This escapement, though 
invented neaily a century ago, met with no auccessfiil rival, 
nntil within a few years. It has. however, recently been re- 
ilacod, in some astnmomical clocks, by Deiuson's tliree-legged 
ivity escapement. The superiority of this latter consiflts in 
le impulse to tlie pendulum being given either by the force of 
ity, influenced by a small amount of friction, or by the 
>rce of a spring without such friction ; but in either case there 
a certain amount of variable resistance, increasing or dimin- 
ling as the wheel-work of the clock carries more or less power 
the esca[»ement, and consequently, it a hea\-ier driving 
'eight is applied, the pendulum encounters more friction in 
blocking the esca[»ement, without gaining any additional im- 
mlse, as it woiild in the case of Graliam'a, The vibratiou of 
itiie pendulum is thus affected, and its rate changed, by a vary- 
cause. dependent upon the fi-eedom with which the wbeel- 
rk transmits the power, and which it is impossible to calcu- 
yte. Notwithstanding this defect, this method has, upon the 
whole, smaller causes of error than any hitherto known. 

*' The Isodynamic Kscapement, recently invented, overcomes 

entirely the difficulty of the varying power transmitted by the 

*heelwork, and thus obviates most of the objectiona to other 

.pements. In comparing it with previous ones, I refer only 

Denison's and Graham's, they combining to a greater degree 

,n any others the various requisites essential to a good escape- 

" Besides the difficulties already enumerated, which are to be 
rfercome in making a perfectly reliable gravity escapement, 
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there is one which has been exceedingly troublesome, namelyr. 
the necessity of guarding against what is called trippinffy or the 
danger of two or more teeth of the escapement wheel pMwtig 
the pallets at once^ when one only is intended to do sa This 
causes the hand of the clock to gain by jumps, and of conne, 
in a most unreliable manner, while the pendulum may be 
vibrating with perfect regularity. Mr. Denison, in his book on 
^ Clock and Watch Work,' speaks of guarding against this diffi- 
culty as first among the essential mechanical conditions. Even 
in his own gravity escapement, to which I have already ref enredi 
the possibility of tripping still exists, though rendered reasona- 
bly slight by the introduction of a fan upon the escapement 
wheel, but in the Isodynamic Escapement, it will be seen that 
this danger is completely removed." 

The escapement, of which PI. XXXIIL, Fig. 2, is a draw- 
ing, is of the class known as gravity esoapementSy and has proved 
tlioronghly good and given extremely good results. The ex- 
treme variation in the hourly rates of a clock with this escape- 
ment, for a considerable length of time, was only 0*.020. 

In the figure, g and ^, are the gravity anns hung on delicate 
pivots at a,p and J?' the pallets, y and y*' friction rollers. Pthe 
pendulum, and S the scape wheel, revolving five times a 
minute, having six arms, and six pins d d' projecting from the 
face, to act on the friction rollers, /-;/". At the moment shown 
in the figure, the pendulum has completed its swing to the left^ 
and has just began to move to the right, the gravity arm, y, be- 
ing in contact with it, and assisting the vibration by its woigfati 
until the adjusting screw, J, comes in contact with the stop, c 
The gravity arm, g\ has in the mean time been raised slightly 
by the pin d' in the scape wheel, coming in contact with the 
friction roller,/'', and the arm, m', of scape wheel has locked on 
pallet, J?'. As the pendulum continues to move to the right, it 
comes in contact with adjusting screw n', and carries gravity 
arm g\ with it, to the right. This unlocks the arm m\ the 
scape wheel moves forward until the pin d' comes in contact 
with friction roller,/, raises it a little, and arm, m, locks <m 
pallet^, until it is again unlocked. It will be seen from this, 
that the impulse is constant, being the weight of the gravity 
arm, acting on the pendulum through the distance it is laised 
by the pin in the scape wheel, since it falls back in ocmtaok 
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with the pendidiim that muuh more than the distance through 
which the jtendtdum has raised it. 



Example LXXIII. 



BoruPa Atunliaiy Pendulum Gravity Escapement. 

Desorlptwn. — This again is nearly in the words of the 
makers. PI. XXXIII., Fig. 3. This was the last invention of 
the artist, Mr. Kichard F, Bond, perfeoted indeed on the 
morning of his death. Its luecJianical heanty is shown even 
more clearly in the drawing, tlian it appears in the clock, whei'e 
it is neceBfiarily somewhat confused with the other details. 

It is ail entirely new escapement, nothing like it ever having 
been made before, and with the exception of the Remontoir 
clocks, which are entirely different in principle, this is the first 
elitck which has ever been made, witli a perfectly detached e«- 
(.■apenient. The border of the plate i-epreseuts the back plat* 
of the cliick, and all the work shfiwn is on the ontside of this 
plate. The wheel, i, is in connection with the train of the 
clock, and is conatantly revolving with a uniform velocity, 
making fine revolution in little less than one second, and is reg- 
iilated and controlled by the conical pendnlnm, not shown in 
the drawing, which also revolves once a second. 

S is the scape wheel, with the scape arm, »„ secni-ed finnly to 
ite axis, and moving fi'eely on delicate pivots, working in pol- 
ished jewel holes ; or. as made in the first two clocks, sent by 
the makers to Paris and Liverpool, the pivots of the sc^pe 
wheel worked on small friction mllers. 

The scape wheel, s, gears in with the constantly mo^-ing wheel 
b/ biit, at the moment shownin the drawing, it is entirely dt'f'U^ed, 
a few teeth being omitted in the scape wheel, so that when the 
arm «,, locks on tlie pallet, jp, in the gravity arm y, it i-ests there 
merely by its own weight, the wheel i contiinies to revolve, bnt 
tlie scape wheel s remains at rest. There is also a jewelled 
cam, e, on the axis of the scape wheel, which, just before the 
arm «, locks on the pallet^, comes in contact with the friction 
roller^ on the gravity arm, tliereby raising it slightly, in order 
to give tlie necessary impulse to the pendulimiP, which is repi-e- 
fiented as moving to the right. At the lower end of the gravity 
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arm is the sci*c\v Z% which carries a jewel o on its end, and aatliB 
jx'nilnliini coiiicv in cinitMct with it, it moves the gravity srm 
also t«> the riiclit, thcivljy rele:isin«^ the arm ^„ which falls by its 
own wcii^lit. Thi.s causes the wheels « and 6 to gear together 
ai^ain. Tlie sca])e wheel iscaufjht np by tlie constantly moviiig 
wheel, /y, and is carried over, until the cam, e^ mises the gravity 
ai'm, the arm, *', locks ajrain on the pallet j?, and the seai^e wheel, 
^liseniCJ^iX^Hl from wheel i, airain comes to rest. There is alao 
another jewelled cam on the axis of the scape wheel, which at 
the instant that arm h^ drops from the pallet and the scape 
wheel is caupjht up by wheel i, enga<j;es with a tooth of wheel e 
and moves it forward one tooth. The axis of wheel c carries 
the Seconals hand ; and a pinion on the same arbor, under the 
dial, in connection with <»ther wheels and ])inions, moves all the 
hands at once, il is a sti)p screw, shaded dark behind screw k, 
which legulates the movement of the gravity arm to the left, 
and so adjusts the amount of impulse which the pendulum shall 
receive. 

It will therefore be seen that the whole timekeeping part of 
the clock etnisists of the pendulum P, the S(tapc wheel, and 
arms s and ^„ and the gravity arm, //; the scape arm falling 
from the pallet y> at regular intervals of two seconds, measured 
by the vibrations of the pendulum P. The rest of the clock 
may therefore be regarded as an auxiliary machine, to carry the 
scape wheel rountl until it locks, t<j raise the gra\ity ann, and 
to move the hands; all heavy work, which has nothing to do 
with the time-koei)ing qualities of the clock, and it might be 
used to give motion to any number of instruments or machines, 
for recrording meteorological observations, or anything else that 
might be desired, and the time of the clock would not be iu- 
tluenced in the sliirhtcst dei^ree. 

The irreat dillicultv to be overcome, was to make the two 
whi»els h and .v gear together properly, without having the points 
of the teeth jam together, which would stop the dock, and this 
was eflPe(!ted at la<t by making the first two teeth in wheel * 
nif^vable, they pass thr<)Ugh the I'im of the wheel as shown, and- 
rest on <lelicate spi-ings v v, which yield to the slightest propsnre 
and permit the teeth to slip into their proper place. 
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